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Another way to do it—with Du Mont! 
Du Mont potted circuit multiplier phototubes 
require only three connections instead of 


the usual twelve, thus minimizing chances of 
leaky or noisy connections, as well as 


pickup between long leads. The resistor 
network for the bleeder system is 
encapsulated within the base of the tube 
eliminating the need for this associated 
circuitry in an external unit. 

Do it the better way—do it with 

Du Mont. Send for complete 

details on Du Mont potted 

circuit multiplier phototubes. 
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of sizes and characteristics... 
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The Fusion Bit 

Getting the newly released informa- 
tion on controlled thermonuclear power 
into print (see page 90) meant having 
our normally hectic production sched- 
ules shift into even higher gear. In 
fact, for a while we felt like we were 
working on a daily newspaper. 

What happened was this: 
known since December that there was 
to be a simultaneous release of fusion 
results by the UK and US teams “‘early 
in the new year” (NU, Jan. ‘58, p. 84). 
Feeling that any announcement of re- 
sults in this all-too-secret field would 
be of vital interest to our readers we 
began to lay plans for carrying a report 
after 


we had 


as soon declassification as we 
could. 

To cover the British end of develop- 
ments we prepared to cable our able 
World News staff in London but those 
perspicacious news hounds recognized 
a hot story when they saw it and antici- 
pated our request by cabling us “ Plan- 
ning fullest coverage from here of next 
Saturday’s announcement of successful 
thermonuclear power experiments.” 

Then came the formal 
ment that the results would be revealed 
on January 24 in the form of a series of 
scientific communications. The mate- 
rial was rushed to us by air express, 


announce- 


just in time to be alloted six precious 
pages in the Overnight 
editing followed by mailing the copy 
to the printer resulted in its getting 
included in this issue, which you should 
a month after 


magazine. 


be reading well within 


the first announcement. While not all 
of our material can (or should) be put 
through on this time scale we are pre- 
pared to do it where it is pertinent. 


The Scholarly Tradition 

Several years ago we published (NU, 
Sept. 54, p. 20) an article based on a 
speech presented at the first Nuclear 
Congress by Alvin Weinberg, Director 
of Oak Ridge National Laboratory. In 
it he made a plea for ‘“‘a scholarly 
tradition in nuclear technology.” After 
discussing the characteristics by which 
a scholarly tradition in a field of 
technology can be recognized he 
pointed out the ways in which it was 
lacking in nuclear technology. 
that time (in part, because of efforts 
by Dr. Weinberg himself) much has 
been accomplished toward that goal— 


Since 


there is a professional society in the 
field and the universities have gained 
in importance as a source of funda- 
mental inquiry in the field. 
Nevertheless, a lot remains to be 
done, and as in all human affairs it 
must be done bit by bit. Which 
brings us to the point of the present 
discussion: There is included in our 
report on the 1958 Nuclear Congress 
an order form for preprints of papers 
in that meeting (page 78). The reason 
for having preprints is to enable those 
who attend the sessions to have prior 
acquaintance with the papers to be 
presented. Then 
consumed in mere presentation and 


less time need be 
more time can be devoted to meaning- 
In an age of parallel 
multitudinous 
is more difficult than 


ful discussion. 


sessions and personal 
distractions it 
ever for meetings to play their role in 
building a thoughtful ordered body of 
knowledge; this makes it even more 


important to use the time well and we 
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hope you will follow our suggestion and 
equip yourself before hand. 


Hot Air—or Steam 


We have had the idea for this 
month’s special report on industrial 
heat reactors (page 62) on a back 
burner for some time. When the 
AEC announed (Feb. ’57, p. R6) that 
heat reactors were eligible for support 
under its third-round demonstration 
program we decided that it was time 
to bring our plans to a boil. In seek- 
ing material, we were quite surprised 
to find that there was very little atten- 
tion being paid to the subject despite 
the general acknowledgement that 
prospects were as good (or as bad) for 
economic generation of thermal energy 
from reactors as for electrical power. 
This and other factors made for a long 
wait in assembling the present report. 

We hope the report will serve to 
inspire further interest in the use of 
heat and space 

present situa- 


reactors for 
Certainly 


process 
the 
leaves a lot to be 


heat. 
tion desired—a 
NUCLEONICS survey of major reactor 
designers and manufacturers revealed 
that except for a few companies the 
subject of heat reactors had been sub- 
stantially ignored. This real oppor- 
tunity would seem to call for a real 
effort particularly now that govern- 
ment support is available. 


Bellos Vallecitos 

If the industrial heat reactor report 
had not pre-empted our cover we would 
have devoted it to a very lovely picture 
of the Vallecitor boiling Water Reactor 
As it is you must 
the fact-packed 
month’s 


in its idyllic setting. 
with 
this 
foldout facing page 76. 


be contented 


description in reactor 





Coming Features in 
NUCLEONICS 


Next Month 
Tritium Symposium 


Reactor Foldout 5— 
Shippingport PWR 


Fast Breeder Progress 
Later Months 


Radiation Effects in Polymers 


Special Report on Reactor Control 





A major advance in South American science is this recently 
activated research reactor at Sao Paulo University. Shown here 
is the working floor level of the 5-Mw unit. 


Model of B&W Swimming Pool Reactor. Operative units are 
now supplying nuclear data at leading universities and re- 
search centers. 


First South American reactor 
is dedicated at Brazil’s University of Sac Paulo 


Designed to produce 5000 kw of power . . . the highest sult is an important step in President Eisenhower's 


capacity of any “swimming pool” type of reactor in exist- “Atoms For Peace” program, which was designed to 

ence . . . this new research reactor will play an important encourage and aid the development of nuclear energy for 

role in Brazil’s contribution to the fields of medical, bio- peacetime uses throughout the world. 

logical and industrial nuclear research. Operating success- In nuclear power development, B&W is a leading 

fully at the University of Sao Paulo, it has achieved source for power reactors, propulsion reactors, research 

Latin America’s first sustained nuclear fission. The reactors, fuel elements, reactor components and experi- 

“swimming pool” reactor’s mame is derived from the mental reactor development. The Babcock & Wilcox 

water-filled concrete pool in which the core is submerged. Company, Atomic Energy Division, 161 East 42nd Street, 
The reactor and the fuel elements which make up the New York 17, N. Y. 

reactor core were designed, fabricated and installed by 

The Babcock & Wilcox Company. The fissionable ma- 

terial in each fuel element is 20 percent enriched 

uranium 235. 


Typical of B&W thoroughness and sound engineering BABCOCK 
were the extensive tests and research that assured success- 2 ay 
ful operation. These included criticality experiments con- ILCOX 
ATOMIC 


AE-50 


ducted in a similar research reactor in the U. S. under Seomndar 
conditions duplicating those expected in Brazil. The re- SA STR DIVISION 
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Enriched enim for 





first in war ... Mallinckrodt pioneered in the production of uranium and uranium 
compounds that were used in the first self-sustaining nuclear reaction that 
took place at Chicago in 1942. The company’s contribution to the 
successful development of the nuclear program was given special 
attention in “The Smyth Report.” Facilities and continuing research have 
since been expanded for the Atomic Energy Commission. 


first in peace ...The first production in the world, by private industry, of 
enriched uranium oxide for commercial use was completed in 
September 1956 at the Hematite, Missouri, Special Metals Division 
plant of Mallinckrodt Chemical Works. 


NOW, Mallinckrodt’s Special Metals Division (working under special 
AEC license) is producing uranium dioxide and other compounds 
from uranium hexafluoride. A list of compounds already supplied to 
qualified users includes: 


URANIUM DIOXIDE CERAMIC 
URANIUM DIOXIDE HIGH FIRED 
URANIUM TRIOXIDE 
AMMONIUM DIURANATE 
URANIUM OXIDE (U303) 
URANYL SULFATE 

URANIUM NITRIDE 

URANIUM CARBIDE 
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THE INTERNATIONAL AMPHITHEATRE, 





Chicago, Illinois 


Visit us at Booth 300 





nuclear reactors 


in production... supplying power reactors now being developed 
and research reactors now in use 


a vision becomes a reality... fuel for progress 


The harnessing of nuclear energy for industrial purposes has been a vision of scientists 
for years. Now, it is here — and it was this vision that prompted Mallinckrodt to perform 
the necessary development work, to design and build a special plant 
(see interior view above) at Hematite, Missouri. 
The processing area of this plant is divided into bays, each containing equipment for 
manufacture of material of a definite enrichment, in order to prevent cross-contamination 
when compounds of various enrichments are manufactured at the same time. 
Mallinckrodt’s facilities, experience and research may be helpful to you. 
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New low cost ARCO neutron generator built for University of Arkansas 


10'! monoenergetic neutrons/second expected 
from new ARCO Cockcroft-Walton accelerator 


The University of Arkansas expects output 
reaching 10" monoenergetic neutrons per 
second from its new ARCO Model CW-D4 
Cockcroft-Walton positive ion accelerator. 
Recently installed on the Fayetteville cam- 
pus, the ARCO machine will accelerate a 
variety of ions for generation of monoen- 
ergetic neutrons of various energies, or for 
direct bombardment. The low cost accel- 
erator was financed jointly by the Univer- 
sity and the Atomic Energy Commission. 
Dr. Richard W. Fink of the University 
staff states that the purchase saved the 
University over 2 years effort had they 
built their own accelerator. 


Research and Teaching 


The versatile new machine equips the Uni- 
versity for a broad program of physics and 
radiochemical research and _ instruction. 
Among the research programs planned are 
investigations of fast neutron cross-sec- 


LPPLIED 
MADIATION 


tions; decay schemes of short-lived nu- 
clides; low-energy, heavy-ion nuclear re- 
actions ; and chemical states formed in nu- 
clear reactions. By adding a subcritical 
assembly, the accelerator can be used as a 
safe device for reactor engineering instruc- 
tion. Having few moving parts, the Model 
CW-D¢4 is extremely reliabie. Its completely 
exposed power supply permits ease of serv- 
ice unattainable with pressurized equip- 
ment, and while accelerator dimensions are 
larger than those of more expensive pres- 
surized apparatus, housing requirements 
are comparable. 


High Neutron Yield-- 
Precise Focus 


The accelerator becomes an intense source 
of monoenergetic 14 Mev neutrons by utiliz- 
ing the H® (d, n) He* reaction. The 400,000 
electron volt Arkansas unit accelerates a 
1200 microampere beam of deuterons to 


produce up to 10-14 Mev neutrons per 
second. ‘The machine can also accelerate 
protons, tritons and alphas for direct use 
or for production of copious yields of neu- 
trons of lesser energy. Unusually precise 
focusing is attained. 1800 microamperes of 
380 KV deuterons have been focused to a 
spot 1.2 mm in diameter. 


Low Cost 


Due to its simple, advanced design, the 
high-neutron-yield CW-D4 accelerator cost 
comparatively little. Funds for the ARCO 
accelerator were provided by the Atomic 
Energy Commission. The underground cell 
in which the accelerator is housed was built 
by the University. 


Applied Radiation Corporation can build 
both atmospheric and pressurized positive 
ion accelerators for a wide range of energy 
and current requirements. Exact specifica- 
tions can be met. Write for details. 





Linear Electron Acceler- 
ator for Rent in Illinois 


The Midwest Service Irradiation Center 
near Chicago (Rockford, Illinois) is now 
available for research and production use. 
Operating at from 2 to 10 Mev, the Center's 
Mark I Series linear electron accelerator 
treats both thin and thick materials. Unit 
density materials over one inch thick can 
be uniformly irradiated from one side with 
electrons, up to 4 inches with x-rays. By 
cross-firing, allowable thicknesses are more 
than doubled. 

Users gain access to one of the most power- 
ful linear accelerators in the world without 
investment or operating responsibility. Yet 
they are able to plan their own work and 
retain exclusive rights to all discoveries. 
Users may supervise work at the Center or 
may merely give instructions to be carried 
out by Center personnel. 


Write for detailed information. 


Materials may be conveyed through the beam as shown 
or stationary experimental apparatus may be erected. 


High energy radiation for research and processing 


aORPORATION 


Walnut Creek, California, YEllowstone 5-2250, Cable “ARCO” 
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Largest Special Metals Company Formed 


MALLORY-SHARON 
NOW INTEGRATED PRODUCER OF 
TITANIUM, ZIRCONIUM, SPECIAL METALS 


Mallory-Sharon Titanium Corporation has broadened 
its scope in the special metals field with acquisition of 
all the titanium and zirconium sponge production facili- 
ties of National Distillers & Chemical Corporation, plus 
full ownership of Reactive Metals, Inc., formerly owned 
jointly by Mallory-Sharon and Nationa! Distillers. 


Our new name is Mallory-Sharon Metals Corporation. 
Our products include titanium, zirconium, and hafnium 
in sponge form and in a broad range of mill products in- 
cluding sheet, plate, rod, bar, billets, etc. Planned for 
the future are other special metals. 


Low cost Process — Now a fully integrated pro- 

ducer, Mallory-Sharon will use the new sodium reduc- 

tion process for making titanium and zirconium sponge. 

This process is believed to be the lowest cost method 

developed to date for this purpose, and produces metal 
of unusually high ductility. It will contribute to making ° 
titanium and zirconium economically attractive in more 

and more applications. 


WHAT THIS MEANS TO you — Mallory-Sharon’s lead- 
ership in the special metals field will mean continuing 


improvements and importance to these metals. In addi- 

tion to titanium’s broad use in aircraft and missiles, and 

zirconium’s in the nuclear field, both metals provide 

exceptional corrosion resistance—offering lower costs in 

a broad range of processing and industrial applications. 

Let us help you design ahead with these new metals. 
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Regulareprice reductions in titanium and zirconium sponge have also 
been reflected in lower prices for mill products. This trend shows the 
wisdom of evaluating titanium and zirconium now for your new products. 


VIALLORY- SHARON 





METALS CORPORATION 


NILES, OHIO 


ve. , . . 
Integrated producer of Titanium « Zirconium ¢ Special Metals 
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you can 


the difference 


in the 
CRL system 





and at costs nO more! central research manipulators 


Now, with the many accessories offered, the Central Research Manip- from basic Argonne National Laboratory design 


ulator lets you perform an even greater variety of intricate opera- 
tions. All of these accessories are remotely interchangeable . . . each 
is the product of precision craftsmanship and exacting control of 
tolerances. The manipulator itself has that inherent “sense of feel’’ 
which is the result of continuous design improvement and rigid 
quality control throughout every phase of manufacture. Field main- 


tenance is simplified by standardization and interchangeability of 
parts, yet each manipulator is “‘custom built” by skilled craftsmen 
with years of experience. Because of this individual attention the 
CRL Manipulator is easily adapted to your particular needs. 


If you use—or plan to use—hazardous materials that require iaboratories, inc. 
intricate handling, CRL Manipulators will speed up your production Red Wi Mi 
or research program. We will also be glad to advise you on the layout . rng, snnesote 
of hot cells and other research areas, to help you gain maximum Dept.101 
benefit from your CRL Manipulator. 
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write today for complete information to: 





1S THE FIRST NAME IN 


PIPE FITTINGS FOR 
NUCLEAR AND CONVENTIONAL 


WER INSTALLATIONS 
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18” alloy steel elbows 
with 3.9" wall for ex- 
tremely high pressure- 
temperature service. 


d) ... THE RECOGNIZED, DEPENDABLE SOURCE FOR 
ny 


Heavy wall laterals 
closed impression die 
forged of Stainless Steel 
in a variety of sizes. 


Stainless Steel, heavy 
wall, reducing tee with 
extended run section 


Stainless Steel Elbow with heavy wall 
and special radius for nuclear service. 


Seamless and welded rolled rings pro- 
duced in sizes to 20 feet in diameter . . . 
in rectangular and contour cross sections 

.in all forgeable material specifica- 
tions... to meet critical requirements of 
reactor installations. 


16"’ x 16” x 20” forged 
Chrome-Moly bull- 
head tee with special 
flow dividing throat 
section opposite the 
branch. 


Heat exchanger tube 
sheet of Stainless Steel. 
Forged weight — 4220 
pounds. 





PRODUCED TO OPTIMUM STANDARDS 
OF METALLURGICAL INTEGRITY AND 
MANUFACTURING QUALITY... 


Outstanding reliability ... a distinguishing feature 
of Ladish fittings . . . is the direct result of a combi- 
nation of skilled craftsmen, Controlled Quality 
methods, unmatched laboratory and production 


facilities. 


Each step in production from initial verification 
of material analysis through final inspection is con- 
trolled by an extensive staff of quality-conscious 


metallurgists and engineers. 


This continuous painstaking control of produc- 
tion processes assures metallurgical integrity and 


conformity to specifications. 











Type 304L Stainless 
Steel Nozzle, drop 
forged and machined 
to precision tolerances. 


UM We 








ACW. 
HX 
FOR NUCLEAR AND 


CONVENTIONAL POWER 
PIPING APPLICATIONS 


Ladish is widely recognized as a prime, dependable 
source for a broad range of special-purpose fittings and 


forgings to meet unusual piping problems. 


The fittings shown here were developed in close 
collaboration with the engineering staffs of firms pioneer- 
ing in the design of modern conventional power plants 


and nuclear power installations. 


Ladish has extensive experience and unequalled 
facilities for forging, machining and testing .. . small and 
large, simple and complex parts, in virtually every forge- 


able material . . . under precise metallurgical and manu- 


facturing controls. 


Intricately shaped 
Stainless Steel heat ex- 
changer heads. Drop 
Forged and machined 
to close tolerances by 


Ladish. 












Largest closed impres- 
sion die forging pro- 
duced to date. Weight 
— 10,500 pounds... 
316 Stainless Steel. For 
use in modern power 
plants operating at ele- 
vated pressures and 
temperatures. 


TO MARK PROGRESS 








LADISHE 


CUDAHY (Milwaukee Suburb) WI 
Serving the West Ladish Pacific Division, Ladist 


Serving Canada 


- f@ Me f/f ka 
Complete Service in ( onteolbed Zi 


Ladish Co. of Canada Ltd 





WELDING ASA & 
FITTINGS MSS 
FLANGES 


SCREWED and LON 
SOCKET FITTINGS NEC 
and UNIONS 


FLAN! 
















Titanium pipe fittings 
produced for a number 
of critical piping instal- 
lations requiring posi- 
tive resistance to ex- 
tremely corrosive media. 


















NAUTILUS 
SEAWOLF ; 
SKATE 
SWORDFISH 
SARGO 

SEA DRAGON 
HALIBUT 
SKIPIACK 
TRITON 


--- AND IN PROTOTYPE REACTOR SYSTEMS 
FOR SURFACE SHIPS 


HANFORD © OAK RIDGE © ARGONNE LADISH 
LOS ALAMOS © PADUCAH CONTROLLED 


DRESDEN © SANTA SUSANA © DETROIT QUALITY FITTINGS 
SAVANNAH RIVER @® PORTSMOUTH 





NATIONAL REACTOR TEST STATION ALEC. 
SHIPPINGPORT © BROOKHAVEN NUCLEAR 
REACTOR ; 

INSTALLATIONS 




















A NSIN 
Fittir ok 
LONG TEMA & LARGE O.D. 
NECK FLANGES & 
FLANGES ROLLED RINGS 





ee THESE AND OTHER FITTINGS ARE 
PRODUCED BY LADISH TO MEET THE 
UNUSUAL REQUIREMENTS OF MOD- 
ERN POWER GENERATION. 


SET ¢ PIPE FITTINGS 


CARBON STEELS ©® ALLOY STEELS © ‘STAINLESS STEELS © ALUMINUM 
TITANIUM @ INCONEL ¢ AND WIDE RANGE OF FORGEABLE MATERIALS 


Fe natArAitD 


IPS BUTT WELDING FITTINGS—!2” thru 42’’—Sch. 5S thru 4” walls 


Pal y > 


TUBE O.D. WELDING FITTINGS—'2”’ thru 36’’—.049” thru .250’ walls 


ASA and MSS FLANGES—'2” thru 24’’—150 Ib. thru 2500 Ibs. § 


LARGE O.D. and TEMA FLANGES— LONG WELDING NECK FLANGES— 
Up to 20’ in diameter 1” thru 24’’—150 Ib. thru 2500 Ibs. 


> & SS eo 
etaer a %._. 


SCREWED and SOCKET TYPE FITTINGS and UNIONS—'2” thru 4’’—150 Ib. and 2000 thru 6000 Ibs. 


nx CO. 


CUDAHY (Milwaukee Suburb) WISCONSIN 
Serving the West: LADISH PACIFIC DIVISION, LADISH CO., Los Angeles, Calif. 
Serving Canada: LADISH CO. OF CANADA LTD., Brantford, Ontario 


Sales Offices: 
© AMARILLO @ CALGARY e DENVER @ MILWAUKEE e@ PHILADELPHIA e SAN FRANCISCO 
e ATLANTA CHARLOTTE HOUSTON @ MONTREAL « PITTSBURGH @ SEATTLE 
e BATON ROUGE CHICAGO LOS ANGELES @ NEW YORK e ST. LOUIS @ TORONTO 
« BUFFALO CLEVELAND MEXICO CITY @ ODESSA e ST. PAUL e TULSA 





PLANNING 

A NUCLEAR 
THERMAL-ELECTRIC 
POWER PLANT? 





Ebasco has more than fifty-two years’ experience in the planning, 
designing and construction of over 23,000,000 kw of power plants, 
completed or in process, in the United States and abroad. Let this 
experience assure you of practical and economical results in the 


application of atomic energy. 


Ebasco performs the following nuclear 
engineering services for clients: 


Research and Development Programs 
Reactor Systems Evaluations 

Design and Construction of Plants 
Start-Up and Testing of Plants 

Hazards Reports 

Engineering Training 

Coordination with Government Agencies 


Consultation with Investment Firms 


Engineering and Economic Investigations 


Consulting Engineering - Design & Construction + Financial & 
S11 at » Business Studies - Industrial Relations - Insurance, Pensions 
SS CORES \  & Safety + Purchasing, Inspection & Expediting - Rates & 
: <— 2 | Pricing + Research + Sales & Public Relations + Space Plan- 
§ ning + Systems, Methods & Budgets - Tax + Valuation & 
NEW YORK + CHICAGO + DALLAS + PORTLAND, ORE. Appraisal + Washington Office 
SAN FRANCISCO + WASHINGTON, D. C. 
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ALTEMP 


HIGH TEMPERATURE 
SUPER ALLOY STEELS 


For your selection 


ALTEMP A-286 . . . an austenitic iron- 
nickel-chromium alloy made heat- 
treatable by the addition of titanium. 
Designed to maintain high strength 
and corrosion-resistance up to the 
1350 F range, and to afford satisfactory 
scale resistance up to 1800 F, 


A-286 was developed in the A-L 
Research Laboratory in Watervliet, 
N.Y., in the 1949-51 period. Among 
the high-strength, heat-resisting alloys, 
it has exceptionally low strategic alloy 
content, improved hot-working and 
machining qualities, and good center 
ductility in large sections. Currently 
used in jet engines and superchargers 
for such applications as turbine wheels 
and blades, frames, casings, after- 
burner parts, bolting, etc. 

- This alloy is readily produced in 
large quantities without the need of 
special steel-making equipment. It is 
available in the form of billets, bars, 
forgings, sheet, strip, tubing and hot- 
extruded shapes. 


WRITE FOR INFORMATION 


Certified laboratory data on the prop- 
erties of Allegheny Ludlum high 
temperature Super Alloy Steels are 
yours on request. 


ADDRESS DEPT. NC-2. 





ALTEMP S-816 . . . a chromium-nickel- 
cobalt base alloy, strengthened by addi- 
tions of molybdenum and tungsten, 
and with a columbium-carbon ratio of 
ten to one to insure its structural 
stability. Designed for high strength 
and corrosion-resistance service in the 
1200-1500 F range, and at higher 
temperatures under lower stress con- 
ditions. Developed in the A-L Re- 
search Laboratory at Watervliet, N.Y. 
in the years of 1940-43, and engine- 
tested and proved for periods of over 
30,000 hours. 

S-816 is used currently for turbine 
blades in two of the production jet 
engines, also in a number of experi- 
mental aircraft and commercial gas 
turbines. Except for seamless drawn 
tubing, it is available in practically all 
formsand shapesin whichstainless steels 
are processed, including hot extrusions. 


ALTEMP S-590 was designed for service 
in the range of 1100-1400 F tempera- 
tures where high strength and corro- 


sion resistance are required, and where 
cost is also a factor. Unlike S-816, 
which is practically a non-ferrous alloy, 
S-590 has a chromium-nickel-cobalt- 
iron base. However, it employs the same 
molybdenum and tungsten additives, 
and the same columbium-carbon ratio. 

S-590 was developed at the Watervliet 
Laboratory and field-proved during the 
same years as S-816. It is available in 
the same shapes and forms, and is 
currently being used for turbine blades 
and wheels in experimental commer- 
cial gas turbines. 


OTHER GRADES . . . among the many 
other Super Alloys made by Allegheny 
Ludlum are V-36, M-252, 19-9 DL, 
19-9 DX and Waspaloy. 

Do you have a high temperature 
problem? The services and experience 
of our Research Laboratories and Tech- 
nical Staff are completely at your 
command. Allegheny Ludlum 
Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 


wsw 63108 


PIONEERING on the Horizons of Steel 





Allegheny Ludlum hod 


GH-auoy ste! 


Stocks of AL Stainless Steels carried by all Ryerson warehouses 
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Solar advanced brazing technology 
offers these advantages 


High-strength joining of dissimilar, 
hard-to-work metals 


Special shapes too intri- 
cate for single castings 


No need for special seals 


High-strength joining 


in inaccessible areas 


Maintains close tolerances 


Joining of sheet metal and castings 


THIS INTRICATE CONTROL UNIT demands utmost precision— 
in design, manufacturing and assembly. That’s why Solar 
engineers planned the entire unit for high-temperature 
brazing. This advanced joining method produces lighter, 
stronger, more compact components—faster, and at less cost. 

Components for nuclear applications can be made with- 
out organic seals (which tend to break down under radia- 
tion) because the braze alloy doubles as a high-temperature 
seal. And they can be made from special, hard-to-work 
metals and high alloys that are right for important nuclear 
und missile applications. 
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Effectiveness of this advanced assembly process has 
been proven by years of experience. If you would like to 
know how Solar can apply this design and brazing expe- 
rience to your particular manufacturing problem, write to 


Dept. D-133, Solar Aircraft Company, San Diego 12, Calif. 


SOLAR 


AIRCRAFT COMPANY 


SAN DIEGO 
DES MOINES 


DESIGNERS, DEVELOPERS AND MANUFACTURERS of gas turbines, expan- 


sion joints and aircraft engine, airframe and missile components. 
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where work and play are combined 
PROFITABLY! This fast-growing elec- 


tronic, nucleonic and mechanical engineering and re- 
search center of Florida invites you to join these major 
business firms who have located in this area. Available 
skilled workers, excellent schools, fine transportation 
make an ideal community in which to live, work and 
play where most people dream of retiring. Write today 
for detailed literature. 


ST. PETERSBURG CHAMBER OF COMMERCE 


Jack Bryan, Industrial Director Dept. N St. Petersburg, Florida 
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* Answers to your future handling problems 


may already be on 


Perhaps this is one of them. This unmanned, remotely 

led mobile handling unit is among the new designs 
leveloped at General Mills. Manned mobile units 
elded cabs also are in the works. 


contre 


le manipulators and other new concepts in han- 
hot” materials are not the only results from the 
ing development effort in our Nuclear Equipment 
nent. Development engineers have made a suc- 
f improvements in the General Mills Mechanical 
| its accessories. Continual improvement has kept 
nipulator a standard item in the industry. 


our drawing boards 


Engineers with nearly a decade of experience in the 
atomic field also are available for consultation on your 
specific problems. Use of our specialized know-how in 
the early planning stages of your installation could save 
you time and money. 


For more information on our complete nuclear han- 
dling service, or for details on the Mechanical Arm, 
or any of its accessories, write, wire or phone: Nuclear 
Equipment Department, Mechanical Division of General 
Mills, 1620 Central Avenue, Minneapolis 13, Minnesota. 
Phone: STerling 9-8811. 


CHANICAL DIVISION 


creal/vée 


an Sales Representatives 
Hochvakuum Anliagen GmbH, Cologne, West Germany 


earch and development 


precision engineering and production 





THE CARBORUNDUM METALS COMPANY ANNOUNCES... 





ZIRCONIUM DATA AND ASSISTANCE AVAILABLE TO YOU FROM CARBORUNDUM METALS: 





PRICE SCHEDULE AND DATA SHEET— Zr Sponge — Provides complete price schedule, specifications 
and packaging information for reactor and commercial grade sponge. 


PRICE SCHEDULES AND DATA SHEET— Zr Ingot— Includes price schedule, specifications, 
and certification information on both reactor and commercial grade ingots. 


MILL PRODUCT PRICES — Welded or seamless zirconium tubes, zirconium sheet, strip, bar, rod, wire and foil. 


“MORE Zr FACTS" — Published by The Carborundum Metals Company, devoted to 
progress in zirconium technology. A continuing source of technical information — distributed without charge. 


ENCINEERING ASSISTANCE— Our staff of highly qualified Metallurgical Engineers, all 
ziconium specialists, are available to recommend and assist, without obligation. 


MORE ZIRCONIUM INFORMATION ON 











O 


VISIT OUR EXHIBIT at the ATOM FAIR and NUCLEAR CONGRESS . . . Chicago International Amphitheater, March 17-21 
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REACTOR GRADE ZJKCONIUM SPONGE 











at lowest price 
ever offered for 
immediate delivery 


SPECIAL NEWS TO NUCLEAR REACTOR DESIGNERS AND BUILDERS: 





Reactor grade zirconium sponge is available for delivery now at the lowest pfice in zirconium history — 


$7.50 lb. for 1,000 Ib. lots F.O.B. from the industry's pioneer producer —THE CARBORUNDUM METALS COMPANY. 


Increased efficiency in zirconium production at Carborundum Metals provides new customer savings. 
Volume is up at two completely integrated plants to the point where zirconium can be sold at the lowest published 
price ever offered by any manufacturer, anywhere —in these quantities for immediate delivery of the 
same high quality metal. To reactor designers and builders, this news is of special significance — zirconium can 
now be specified with definite assurances of a lower price, uniform high quality and dependable delivery. The 
outstanding nuclear, corrosion and strength properties of zirconium are available to add to the efficient performance 
of every reactor. Reactor builders are urged to submit orders early for production scheduling. 


™ Commercial grade sponge prices have also been reduced. 


™® Prices on zirconium INGOTS, both reactor and commercial grade, are also available based 
on the new lower sponge prices. 


Write today for our new price lists and technical data. Address inquiries to Dept. NU 91-725. 


THE CARBORUNDUM METALS COMPANY, Akron, N.Y., U.S.A. Division of THE CARBORUNDUM COMPANY 


Production Pioneer of ZIRCONIUM 


CARBORUNDUM 


REGISTERED TRADE MARK 
| Volume Production of Reactor Proved Metal Makes 66% Price Reduction Possible: 1953—%$22 !b. ; 4957~—$7.50 Ib 


O1-728 
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A NEW MATERIALS and 


ENGINEERING TEST 
REACTOR by NDA 


NDA has now completed preliminary design of Materials Engineering Test 
Reactor | for construction at Mol as Belgian Reactor |1. Joined by senior 
personnel from CEAN, NDA is now carrying out detailed design. 
NDA believes METR | will be of interest to nuclear engineers and scientists 
throughout the world. Consider these characteristics: 


e Thermal power level: SO MW 


e Available core neutron flux during ex- 
periments 
Fast 2x 10** n/cm?/sec 
Thermal . . .6 x 10** n/cm?/sec 


© Single fluid—light water cooling 


Consider also the flexibility of METR |: 
© Five 812” through holes in core section 
© Central irradiation tubes in each fuel 
element 
© Forty 312” holes in core matrix 
(including 10 through holes) 


¢ Six 1” rabbit tubes 


¢ Seven radial beam holes up to 12” in 
diameter 


e Four tangential beam holes up to 12” 
in diameter 


¢ Reactor pool space for irradiation of 
large equipment 


¢ Core mock-up facility 
e Gamma irradiation facility 


© Individual access to each fuel element 
and beam hole 


With its high available neutron flux, flexibility and ease of access, 


METR | is unsurpassed as a test reactor. 


Opportunities exist at NDA for qualified scientists and engineers 
interested in reactors of advanced design for research, power and propulsion. 
For information write or call 





NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


5 NEW STREET, WHITE PLAINS, N. Y.- TEL. WH 8-5800 
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ORUR DRE. 


of Key Developments in Atomic Energy 


Acceleration, Subsidy Backed by Atom Leaders in Survey 


Statement of Objectives Held a Primary Need, NUCLEONICS Finds; 
Wide Acceptance Seen for Principle of Federal Financial Aid 


* The nation’s nuclear er program should be 
accelerated, and more only & saiapennity required 
from AEC if this end is to be accomplished, a pre- 
ponderant majority of key U. S. leaders in the major 
branches of the atomic industry believes. 

* The first need is for a clear-cut definition of U. S. 
objectives in the field, which is felt to be lacking at 
present. 

* The principle of a subsidy now receives wide ac- 
ceptance in the private atomic industry—much wider 
than the word itself (which some consider a “dirty 
word,” preferring to call it “assistance” or “financial 
participation”). Semantic questions apart, an over- 
whelming majority think AEC should help industry by 
greater support of research-development work; almost 
as many would like to see a subsidy on fuel costs, and 
a narrower majority favors subsidy of capital costs. 

* The purpose of acceleration is to attain economic 
nuclear power as quickly as possible. Many leaders 
recognize that for reasons of U. S. foreign policy it 
has become desirable to achieve economic power from 
the atom as soon as possible even though abundance 
of fossil fuels does not yet make this vital in the U. S. 

¢ As to the route to economic : a decisive 
majority considers construction of full-scale reactors 
[50 Mw/(e) or over] desirable; an even much greater 
majority favors construction of smaller reactors. Half 
the respondents favors construction of both pilot and 
full-scale plants. 

* There is general agreement, even among utility 
men, that kilowatts alone are not enough. 

* Abroad, the U. S. can look to solid markets for re- 
actor equipment, components and materials for ten 
years or longer, according to most respondents; but the 
outlook for export of entire power reactors is less 
bright. 

These are among the most important disclosures of 
a NUCLEONICS survey, just completed, of atomic indus- 
try leaders in the U. S. and eleven foreign countries. 
At home, the survey covered the views of atomic in- 





How Survey Was Made 

Four questionnaires were drafted, two each 
for domestic and for foreign interviewees—one 
consisting of yes-no or short-answer questions, 
the other of two or three very broad and 
searching questions. The forms were sent to 
NUCLEONICS’ correspondents in U. S. cities and 
eleven foreign countries, with instructions on 
whom to interview: a handpicked group of top 
atomic leaders—about 85 Americans and about 
50 abroad. The results were collated by 
NUCLEONICS’ editors in New York. 
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d leaders among equipment manufacturers, pri- 
cone and prea, A electric utilities, architect- 
engineering — and reactor who advise the 
government on nuclear power logy. Abroad, in 
addition to manufacturers, utility executives and scien- 
tists, the survey also sought the opinions of the leaders 


of governmental atomic , 

The latters’ replies éxtk oy that—although, as has 
frequently been said here, most countries plan to build 
wom own Reem as soon as . a. 
they expect to importing reactor 
years from other Paw. «is Be see fev. S. as a 
source of supply. In terms of value, estimates 
of likely reactor ment imports ranged as high as 
$40-million , $200-million by 1963, $325-million 
by 1968. high estimates were from Germany 
and Japan primarily; much more modest, yet not in- 
significant amounts were cited in Belgium, Italy, 
Sweden, Switzerland and elsewhere. (Details of t 
foreign survey will be found starting on p. 20.) 


Back in '53 

When the Joint Committee on Atomic Energy was 
holding hearings in the summer of 1953 on whether 
or not to revise the Atomic Energy Act of 1946, many 
of the same problems were already vexing the indus- 
try. Even then, 28 of 38 witnesses (NU, Sept. 53, 
11) including the then-newly-named AEC chairman, 
Lewis L. Strauss, declared that the urgency of devel- 
oping nuclear power was great. And on the ques- 
tion, who be responsible for engineering and 
prea) Beare: power reactors? five of 38 said it 
should rimarily the government; eight felt it should 
be jeerBas industry,.and 15 favored joint government- 
industry responsibility. After 4% years of accumulat- 
ing experience and greater sophistication in nuclear 
power, a majority of industry leaders still feel that the 
program is not moving fast enough. But where barely 
one manufacturer raised his voice in favor of govern- 
ment development subsidy in 1953, that view has 
changed notably over the last five years as industry 
came to understand better the pro in achieving 
economic nuclear power. 

Also in the intervening years, nuclear power has be- 
come, for better or worse, an instrument of foreign 
policy. So it was not ising that in NUCLEONICS’ 
survey there was a qui correlation between the 
majority favoring acceleration of our nuclear power 
program and the majority that feels it is important for 
the U. S. to be the world leader in nuclear power. 
And even among the half-dozen who said “yes” to 
acceleration but “no” to the importance of world lead- 
ership, several said it was obvious Congress was de- 
termined to do all it could to assure U. S. leadership; 
that, therefore, however they might feel that this was 
not essential, they were proceeding with the question- 
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naire on the assumption that this effort would be made. 
As with “subsidy,” there were some demurrals over 
the word “acceleration” as implying ever-increasing 
speed, or as being too closely identified with the Gore 
bill; “expansion” or “broadening” were suggested. 
Among seven suggested criteria of world leadership 
in nuclear power, the choices of the industry leaders 
emerged clear-cut: “availability of exportable tech- 
nology” and “diversity of types of power reactors be- 
ing studied or experimented with” received over- 
whelming approval as being important criteria, with 


“kilowatts of capacity planned” trailing furthest be- 
hind. Two other criteria suggested were “the most 
advanced technology,” and “operating cost of reactors.” 


On Financial Support . . . 

An interesting gulf developed in the replies to the 
questions on whether AEC should spend more money 
on power reactor development ad on construction. 
An overwhelming majority favors AEC spending on de- 
velopment—and wants to see increased AEC support 
of work done by national laboratories and AEC’s direct 


“availability of exportable reactors” close behind. The 


contractors—but a very much reduced majority wanted 
other four all received a thumbs-down reaction, with 


AEC money going for construction. Many stipulated 





Results of NUCLEONICS Survey on U. S. Reactor Program 


Utilities* 





Arch.- Reactor 
Engrs. advisorst 


Equipmt. 
Mfrs. 


Note: First number represents “yes” answers, 
second number the “no” answers, throughout. Totals Total Pvt. Publ. 





1. National policy objectives of the U. S. in atomic energy 


a. By whatever standards you use, do you think it’s important 
for the U. 8. to be the world leader in the field of nuclear 
power? 

b. By whatever standards you use, do you think the U. 8. nu- 
clear power program should be accelerated? 

c. Do you think the following are important as criteria of 
leadership: 

—number of power reactors in operation? 

—number of power reactors under construction and/or 
contracted for? 

—size of power reactors being planned? 

—kilowatts of capacity planned? 

—diversity of types of power reactors being studied or 
experimented with? 

—availability of exportable reactors? 

—availability of exportable technology? 





2. Financial support of the field 


a. Do you think AEC needs to spend more money on power re- 
actor development? 
b. Do you think AEC needs to spend more money on power re- 
actor construction? 
c. If so, should AEC increase its support of work done by its 
national laboratories and its direct contractors? 
. Should AEC subsidize industry in the building of power 
reactors: 
—by increased support of research and development work? 
—by subsidizing fuel costs? 
—by subsidizing capital costs? 
If there is a subsidy, who should get the subsidy: 
—the manufacturer? 
—the customer (public or private utility or other in- 
industry)? 
. If there is to be a subsidy by AEC, who should determine how 
the money is to be spent: 
—AEC? 
—the recipient of the subsidy? 
g. In connection with the export of reactor equipment, should 
the U. 8. government offer subsidies on power reactors? 
h. If previous answer is ‘‘yes,’’ who should be subsidized: 
—the U. 8. firm? 
—the foreign customer? 





3. Acceleration of the reactor program? 


If the U. 8. power reactor program is to be accelerated, how 

should it be done: 
—by building large reactors (above 50,000 kw)? 39-21 11-4 15-9 10-8 6-1 9-8 4-0 
—by building small reactors (below 50,000 kw)? 54-7 153 220 17-0 5-0 15-2 2-2 


* Survey was sent to all private and public utilities with a record of interest in nuclear power; number of respondents in the two groups is to be 
com: with national installed capacity: 97-million kw for private, 12-million kw for non-Federal public. 
ot all answers received are tabulatable as this group of scientists Doupey Capertee from questionnaire to answer in their own terms. 
Last parts of this question, not easily tabulatable, asked how ay and what kinds of large and small reactors should be built; how many kw 
should be installed, if kilowatts were considered important; and what the time scale for acceleration should be. See main story for replies. 
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that they favored AEC construction spending in sup- 
port of industry-controlled projects, but opposed any 
further AEC power plant construction. On this, as on 
a few other questions, the opposition of the privately- 
owned utilities made itself felt. 

Of three possible places where a subsidy could be 
y ik all scene 4 favorable majorities, but again 
sharply differentiated: a preponderant majority wel- 
comed the idea of AEC subsidizing industry in build- 
ing power reactors by giving greater support to re- 
search-development work; a smaller majority favored 
subsidy of fuel costs. (“Yes, subsidize fuel costs, if 
it means fuel development,” said a manufacturer. “Yes, 
under proper safeguards,” said a public utility man. 
“Yes, 2 a iod of time,” a manufacturer. “Yes, 
reduce—not subsidize—fuel costs; subsidy as such 
should be avoided,” a private utility leader. “No, 
present fuel costs are et of a subsidy,” a manufac- 
turer. “No, this falsely influences plant design—rather 
subsidize operating costs in general,” an architect-en- 
gineer. “No, it would tend to perpetuate uneconomic 
fuels,” another architect-engineer. “Can't answer, be- 
cause what is a realistic fal cost?” a private utility 
man.) 

A sharply-reduced majority came out in favor of the 
third alternative suggested, subsidy of capital costs. 
Here again the private utilities made their weight felt. 
Said one manufacturer: “No, if capitalists can’t supply 
capital, it’s tough.” 

About 40% of the respondents would have AEC give 
subsidy in all three areas. One at least would restrict 
subsidy to a separate program of development for ex- 
port reactors. Several spoke approvingly of a formula 
—one that Lawrence R. Hafstad proposed in 1954 
when he was AEC’s director of reactor development— 
under which AEC would underwrite the difference in 
cost to a utility between a nuclear plant it might build 
and a conventional station of equivalent size that it 
would otherwise have to build. 


Who Gets It? 


Most of the leaders queried were willing to have 
the reactor customer get the subsidy, if there is to be 
one; far fewer rca giving the subsidy to the man- 
ufacturer. Said one manufacturer in the minority op- 
posed to subsidizing through the utility: “He'll get his 
plant, but we won't necessarily get to economic power. 
Through the manufacturer you are more apt to attain 
your goal.” There was a general feeling, on the other 
hand, that a subsidy paid to the utility would permit 
it to pay a viable price to the manufacturer for his 
hardware and that in this way the subsidy would reach 
both parties. 

“He who pays the piper calls the tune” still applies, 
even in this realm, and on the question of who should 
determine how subsidy money is to be spent, “AEC” 
was the prevailing choice. “It’s not the way to do it, 
but it’s the way it will be done,” was one hard-headed 
comment. However the number of stipulations urging 
“joint determination” ran kn 

Whether the U. S. should offer subsidies on export 
of power reactors came out statistically almost even. 
Here there appeared to be a feeling that this was a 
foreign policy PB coming under the foreign aid 
program, and that if subsidy were felt necessary, it 
should be handled by State Department. A program 
is offered by one manufacturer, who feels it would be 
“inappropriate” for the government to subsidize rt 
of capital production equipment: “In all probability, 
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the export market for power reactors could be opened 
up for’ Acsaaii com ~ if -y cages payer 
guarantee for a peri , say, 20 years: 1. price 

availability of enriched uranium; 2. and a market 
for recovered plutonium; 3. availab 
guaranteed charges for reprocessing; 4. li 


arrangements.” 

In considering the time-scale for acceleration, “ten 
years” came out far in front—the same period of time 
that JCAE Chairman Durham is urging as the duration 
of a new reactor demonstration program (NU, Dec. 
57, 18). 

One veteran manufacturer 
gram having as its goal 
plants averaging 200 Mw(e) each per. year for five 
years for a total of 20 reactors. Because of the long 
development, fabrication and construction cycle, com- 
pletion of the program would take about 10 wy 
capital subsidy of ~ $100/kw installed it’s felt, 
give the private and public utilities adequate incentive 
to proceed with a program, giving the U. S. 
(ate by ee at a cost to the 
government of $400-million. are excel- 
lent,” says the plan’s author, “that such a program 
would result oe be ores a 
nuclear er e period e program 
is pans i" in the area of few reactor F 
—those where the is known un- 
derstood. For this reason emphasis is placed on the 
light-welesearaae doar: alae a 4 By = 

s such as liquid- or gas-cooled might 
be included. Leche the program should be con- 
centated “on reactors of = large size because of 
their superior ability to reach competitive costs in a 
minimum time. Undoubtedly it be desirable to 
authorize a few reactors of smaller sizes to meet special 
purpose requirements.” 

Another top manufacturer, who feels the national 
goal should be defined in terms of a time scale 
and a program then worked out to implement it, sug- 
gests for it achievement of economic in indus- 
trialized foreign countries in five years and in the U. S. 
in ten. Government should help industry, but not 
subsidize it entirely. 


What Should Government Do? 


A wealth of data was turned up by the survey’s final 
uestions, open questions on what ought be done in 
the nuclear power field in the next several years. 
Some of the salient suggestions as to what the govern- 
ment should do were these: . eaall: 

* More vigorous su of research and deve 
ment, ially on oat chinonts and reprocessing; 

* Establish long-term national objectives [these two 
were mentioned most frequently, and then always 
first]. 

* Establish the level of government support for the 
next several years [the need for a p of almost 
any determinate number of , and the great handi- 
cap in a a ment field of working un- 
der the i system of year-to-year ap- 
propriations, came out strongly]. 

* Establish long-term prices for nuclear materials 
under government monopoly. 

* Enlarge the present program for testing safety char- 
acteristics. 

* Assist industry on some formula that will give an 
incentive to keep cutting costs (see box p. 20). 

* Establish fair contract procedures, and cease asking 


















































for contributions from industry for the benefit of gov- 
ernment projects [this from a bystander not involved 
in the Elk River miscarriage]. 

¢ Elimination or modification of such official or un- 
official government concepts such as “give-away”; 
“closed-end commitments” by AEC, at least to the ex- 
tent of protecting industry from “open-endedness” on 
joint projects; “full cost recovery” for AEC services to 
industry when both have common objectives; “assur- 
ance against abandonment” particularly when economic 
justification (in the sense oF value of experience rela- 
tive to its cost) for carrying a project to completion 
cannot be assured at outset. In this last connection, 
many pleaded for more flexibility in programming, to 
permit changing course as experience dictates. 

¢ Abolish the 20% enrichment limitation on fuel ex- 
ports, which implies that we don’t trust our allies 
while at the same time it doubles costs for fuel fabri- 
cators because 20% alloy is so brittle the rejection rate 
is high. 

© Improve AEC contract administration. 


What Should Industry Do? 


Most uently mentioned were: perform more re- 
search-development, build more reactors, continue to 
develop promising reactor concepts, concentrate on 
getting costs down. Other points: 

* Industry should bid on projects on a fixed-price 
basis, to gain incentive for cutting capital costs. 

¢It should adopt profitable pricing policy that will 
not involve substantial losses merely because of desire 
to break into the field. a below cost is causing 
uncertainty and chaos among firms trying to develop 
stable markets. 

© The equipment industry has been too quiet about 


the business —. it faces in establishing a sound 


basis for the future, should make the community more 
aware of its problems. 

* Operate more realistically regarding costs and dates 
of completion. 

* Steer clear of the public-vs-private power quarrel. 
This is stated by utility people as well as those in other 


groups. 


Some Contradictions 

Contradictions should be expected in any survey 
such as this, but a few gain significance because of 
the persuasiveness with which the conflicting opinions 
are set out, and the standing of the men behind them. 
Samples: 

One reactor type will eventually prove to be 





Subsidy Plan Suggested 
In Form of Tax Rebate 

An intriguing plan for a subsidy to indus- 
try, with no cash handout and with built-in in- 
centive, was offered in the NUCLEONICS survey 
by Lee Davenport, president of Sylvania-Corn- 
ing Nuclear Corp. The plan: for the govern- 
ment to offer tax rebate and special deprecia- 
tion allowances for accomplishment in nuclear 
plant construction. 

Philosophically the plan is straightforward, 
Davenport says: taxes are the dues we pay to 
the government (representing the community) 
for the privilege of working in the U. S.; if 
the government wants certain people or com- 
panies to do something for the good of all, it 
makes sense to have the government offer to 
reduce dues in return for effort by the firms. 

Incentive would be provided by pro-rating 
the tax rebate for accomplishment. The gov- 
ernment-industry contract covering a joint 
ge would specify $X worth of tax re- 

ate if the plant were completed for $Y/kw 
installed capacity. If the plant were built for 
less, the tax rebate would be proportionately 
greater; if the company failed to meet its 
target cost, its reward would be less, likewise 
on a graduated scale. 











the best, and we should concentrate on finding it— 
It’s likely that different reactors will have different 
applications for different purposes. 

We should have a broad approach and not con- 
centrate-—We should concentrate on the types now 
furthest developed, to hasten the arrival of competi- 
tive nuclear power, while continuing to develop more 
advanced types. 

While most favored increased support for work done 
in national laboratories, one comment was that support 
of development work should “be fed through existing 
utility industry and major equipment manufactures”; 
if government goes on spending money on government 
labs for this purpose, “the experience and knowledge 
will reside in government organizations, not in com- 
mercial firms.” Said another, “I think we'd get more 
for our money in this sort of development program than 
$300-million at the national labs. Where all informa- 
tion becomes general, you eliminate competition.” 


Market Survey Abroad Brings Surprisingly Optimistic Results; 
Many See Imports from U. S. of Whole Reactors as well as Parts 


A surprisingly optimistic forecast—optimistic from 
the point of American would-be reactor exporters, that 
is—was registered by respondents abroad in Nv- 
CLEONICS’ survey. 

That a nearly unanimous “yes” should be registered 
to the questions, “Do you expect your ae to im- 

ipment, components or materia or power 
= nite other caudie in the next a gal 
and “Do you ct your country to import these from 
the U. S in a as several Soars?” this should be 
cause for satisfaction but not surprise, unless for its 
near-unanimity. But that, to the same pair of ques- 


tions applied to “whole power reactors” instead of 
“equipment, components or materials,” replies should 
be evenly split—this was quite unlooked for. That half 
the respondents—particularly considering their stature 
in their countries’ nuclear programs—should expect a 
market to develop for entire U. S. reactors seems more 
optimistic than might have been foreseen. Having 
obtained its interviews on a strict basis of no-identifica- 
tion, NUCLEONICS must protect the anonymity of its 
survey respondents, and has to content itself with a 
flat assertion that they are top responsible officials. 
Those who answered “yes” to any of the first four 
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questions were asked for how many years they judged 
they would be importing such things. This brought 
a range of five to twelve years and a median of about 
seven for whole reactors; a range of two years to 
“indefinitely” and a median of about twelve years 
for components and equipment. Predictions of long- 
term import positions came from Belgium, Germany, 
Switzerland, Italy, Sweden, Brazil and Japan. De- 
clining to hazard predictions were respondents, in 
France, Netherlands, Australia and Mexico. 

Lastly, the short-answer questionnaire asked overseas 
respondents what monetary magnitude, in round num- 
bers, they expected their nuclear equipment imports to 
have in the next two, five, and ten years. Their esti- 
mates fell within these ranges: 








Nuclear 
Anticipated Equipment Imports 

Country By 1960 By 1963 By 1968 
Australia 1-2 10-40 20 to >40 
Belgium up to 6 12-15 up to 60 
Germany 15—40 50-200 100-200 
Italy 1-15 50-150 100 to >150 
Japan 22-30 30-190 60-325 
Sweden —_ up to 1 up to 5 
Switzerland 1-5 5-20 10-50 





Obviously, these are guesses. But they are guesses 
by sophisticated people, in many lands, speaking with 
authority and with no incentive to give other than their 
undistorted opinions. If they are well-founded, they 
may portend a broader and more solidly-founded mar- 
ket for U. S. manufacturers than some have feared. 

The French, as they see themselves, are in a special 
position. They feel they have a fairly sophisticated 
nuclear industry and that there is no reason why it 
could not handle France’s needs. Three years ago 
France would have been interested in buying whole 
reactors, but since then she has developed her own 
technique and made her own fuel supply arrange- 
ments [plutonium] that led her in a direction away 
from that chosen by the U. S. Says an industrialist, 
“We don’t wish now to drop all our work, which we 
think is valid, and adopt a system in which we have 
practically no experience, a system, moreover, that 
uses a fuel over price and supply of which we have 
little control. Furthermore we think your nuclear 
costs are perhaps higher than your estimates indicate, 
particularly on capital costs.” Authorities involved in 
the Chinon reactor project, France’s first civilian nu- 
clear station, speak of power costs as low as 8-10 
mills/kwh. A French CEA official sums up the re- 
actor import situation as “Too little and too fate.” 


Importing: Influences . . . 

The free-answer questionnaire summed up the field 
in two questions: “What factors are influencing your 
country’s decisions on matters related to importation 
of nuclear reactors and reactor equipment?” and “What 
obstacles if any are there to your country’s importation 
of reactors and reactor equipment from the U. S.?” 

The first question fhe an answers that were just 
about what might have been expected: cost of equip- 
ment and favorable financing terms; reliability; fuel 
availability and assurance of continued fuel supply; 
lack of domestic experience (Italy); imports a means 
of catching up with countries more advanced in atomic 
energy (Germany and Japan); earthquake-proof re- 
actors (Japan); extent to which native industry can 


Vol. 16, No. 2 - February, 1958 





participate in construction power plant (Netherlands). 


. and Obstacles 
The quetien St aueeee 0 ingetng: Ui. S's 


actors and equipment, however, yie some note- 
worthy comments. 
Lack of U. S. sales effort was reported by several 


Australians independently. Said an Australian scientist: 
“British seem to be ahead of the Yanks in this field 
and they are doing more to keep us informed and in- 
terested.” An Australian ity man: “We seem to 
hear more from England and appear to be more 
interested in us as customers.” An Australian industri- 
alist: “Frankly, no Americans have ever called on us 
but the British have been to sell us on the ad- 


pan persistent! 

theme: that the British have a working nuclear 
the U. nee peeechin ieee te “Lack of U. S 
experience in ucing power reactors, while the 
British have actually oie out a working model. 
It's believed cost of production with U. S. enriched- 
uranium reactors be 10-20% higher than with 
the British Calder Hall. In any case, Calder-type costs 
can be calculated today, while U. S. reactor costs are 
still uncertain.” “U. S. cannot yet show Japan a 
power reactor —* operation.” “As U. S. atomic 
power not yet reached the stage of 
commercial application, it is difficult to judge the 
economic and technical of U. S. reactors. The 
rary a of reactor t in the U. S. has 
eft an impression of confusion in Japan, especially in 
view of the fact that the British hap rae a working 
power reactor.” It may be that the entry into 
service last December of the AEC-Duquesne Light Co. 
PWR will mitigate this impression. 

Other obstacles cited in Ja bear on enriched 
uranium—its higher cost, ce on a single 
source of ly for it. This point was made also in 
Brazil and . 

Said a German: “So far, obstacles and difficulties in 
cooperation with the U. S. have been of minor im- 
portance. However, after the events connected with 
the RWE project, we are expecting certain obstacles 


with delivery of enriched-uranium fuel elements.” 
[The events alluded to are the collapse of negotiations 
between AEC and AMF Atomics construction of 
the Elk River reactor, and AEC’s consequent 
refusal to license of the iden RWE reactor 
without prior testing of the oxide fuel elements in the 


U. S. (NU, Nov. °57, 19). AEC officials in Wash- 
ington told nucieonics this was a “mi ion” on 
the part of the Germans; that AEC has no licensing 
control over AMF’s activities; that there is no licensing 
rocedure for export of fuel, and that no reactor 
icense was involved as substantial fabrication overseas 


was called for.] 
The one si obstacle most often mentioned was— 
of co costs. Others: Insufficient informa- 


tion on costs of fuel, reprocessing and refabrication, 
and waste = Pager insufficient informa- 
tion on design ; on burnup, 
fuel supply, bentesk price, Cy . 
and inventory charges (Italy); high aie can 
(Sweden); p yw for inspection of spent fuel 
elements and return for reprocessing to the U. S. 
(Sweden) [no longer required—another misappre- 


hension]. 
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AEC Asks $250-Million Increase in Spending for '59; 
Reactor Budget Leveling Off, Up Only $16-Million 


A $250-million increase in spending—most of it for military needs— 
was requested by the Atomic Energy Commission in its proposed budget 


for fiscal 1959, beginning July 1. 


Although it was the smallest increase in years, President Eisenhower 


called it a reflection of “our deter- 
mination both to increase the 
tempo of progress in achieving a 
greater nuclear military capability 
and to press ahead in our successful 
development of the peaceful appli- 
cations of atomic energy.” 
The increase, from an estimated 
ding level of $2.3-billion this 
year to $2.55-billion next, will go 
mostly to step up procurement of 
raw materials and to expand produc- 
tion of weapons. The rest will go 
to jog, in varying degrees, the de- 
velopment of varied types of weap- 
ons, the development of both military 
and civilian power and propulsion 
reactors, research in biology and 
medicine, and isotope development. 


Budget Levels Off 


Particularly in reactor develop- 
ment, the 1959 budget represents a 
leveling off. Contrasted to the sharp 
year-to-year increases between fiscal 
1955 and fiscal 1958, the boost for 
1959 is relatively insignificant. In 
fiscal 1955, reactor development 
spending was $109-million; it rose 
$62-million in 1956 to $171-million; 
sailed $95-million in 1957 to $266- 
million; and jumped another $68- 
million in 1958 to an estimated 
$334-million. The 1959 boost is 
only $16.2-million to an estimated 
total of $351-million. 

This increase of less than 5% from 
current spending amounts to holding 
the line on the reactor experiment 
program and anticipating some in- 
crease in support of the reactor dem- 
onstration program. Continuing em- 
phasis will be given to basic research, 
and construction wil] continue on 
four multi-Bev accelerators. 

Also, beginning this year and con- 
tinuing into 1959, AEC intends to 
- up its research on reactor-fuels 
and waste-disposal systems. 

In addition to its request for oper- 
ating funds, AEC said it would make 
a supplemental request later this 
year to obligate $184-million for 

lant and equipment. Of this total 
$131.9-million covers projects to be 
started in 1959: $84.8-million for 
improvements and additions to raw 
material and weapons facilities; $20- 
million for the pe destroyer 
reactor; $19.2-million for hot cells 





and other reactor supporting facili- 
ties (civilian and military); $4.2- 
million for research-development fa- 
cilities; and $3.7-million for a variety 
of other projects. 

Including facilities already under- 
way, AEC’s costs for plant and 
equipment in 1959 will run $226- 
million against the current program 
of about $250-million. 


Reactor Budget Implications 

As Table 2 shows, 1959 spending 
under the reactor demonstration pro- 
gram will be about $26.6-million, 
compared with an estimated $26.9- 
million this year. The Commission 
will directly support the 1959 activi- 
ties of public and private power 
groups building reactors under the 
first, second and third rounds in this 
way: 

@ First round. Limited research 
and development assistance will be 
given to the Yankee, Fermi fast 
breeder and Nebraska Consumers 
projects. 

@ Second round. AEC will be 
participating in both research-devel- 
opment and construction on the 
Piqua, Elk River and Chugach proj- 
ects and the currently-suspended 
Wolverine project. 

@ Third round. Limited research- 
development funds will be provided 
to Northern States. Also anticipated 


is an unspecified amount for re- 
search-development spending on sev- 
eral other contemplated projects— 
Carolinas-Virginia, Florida West 
Coast/East Central, and Pittsburgh 
Power & Light/Westinghouse. 

Also shown in the reactor costs 
table is a boost from $90.8- to $97.7- 
million in AEC spending under its 
reactor experiment program. This 
item-by-item explanation of the 1959 
figure was furnished by AEC’s Re- 
actor Development Division: 

® PWR at Shippingport. Plant 
testing and operating data collection 
will continue; fabrication of the sec- 
ond seed for the core will be com- 
pleted; design and development of 
the second core will be continued. 

® Boiling water concept. EBWR, 
started up this fiscal year, will be 
directed toward investigation of the 
boiling heavy water cycle using 
both natural and forced circulation. 
ARBOR will continue under con- 
struction at Arco for completion 
about the summer of 1960. 

© Homogeneous concept. Shake- 
down operations on Homogeneous 
Reactor Experiment-2 will continue 
in 1959. Additional work will be 
done at Los Alamos on the use of 
uranyl phosphate, rather than uranyl 
sulphate, as a fuel. 

© Fast breeder concept. A little 
more emphasis in this field during 
1959. EBR-2 construction begin- 
ning this year for test operation in 
fiscal 1960. Work will continue on 
LAMPRE, chiefly studies on design- 
ing transfer systems for molten a 


tonium. Spending will be up about 
$4-million Bee 1958, most of it for 
EBR-2., 

© LMF concept. A start on fab- 





1—Rate of Increase in AEC Budget Slows 





Program 


1957 Actual 


1958 Estimate 1959 Estimate 





Raw materials 

Special nuclear materials 

Weapons 

Reactor development 

Physical research 

Biology and medicine 

Training, education, and 
information 

Communi 

Program direction and 
administration 

Security investigations 

Other costs 

Adjustment of prior year costs 
Total program costs 

Revenues applied (—) 


Net program costs 


$397,836,008 
581,602,626 
323,285,197 
266,550,778 
59,344,215 
31,519,984 


7,815,945 
17,777,637 


38,034,044 
8,442,087 
6,619,603 

—82,832 
1,738,745,292 
—34,573,859 


1,704,171,433 


$596,901,000 
578,600,000 
459,054,000 
334,776,000 
71,471,000 
37,895,000 


16,850,000 
17,921,000 


44,704,000 
8,442,000 
8,137,000 


2,174,751,000 
—34,875,000 
2,139,876,000 


—29,720,000 
2,324,167,000 
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2—Reactor Program Costs Inch Up 





Category 


Actual 


1958 1959 
Estimate Estimate 





Civilian power reactors 

Civilian power supporting effort 
Commercial ship reactors 

Army as. power reactors 
Naval propulsion reactors 
Aircaft propulsion reactors 
Controlled thermonuclear project 
All other 


Total reactor development 


$54,291,286 
22,247,363 
875,198 
2,875,555 
71,662,530 
68,875,126 
10,734,745 
34,988,975 
266,550,778 


$90,800,000 $97,700,000 
26,922,000 26,600,000 
1,750,000 3,700,000 
5,756,000 5,600,000 
86,844,000 87,000,000 
65,300,000 66,600,000 
23,550,000 25,500,000 
33,854,000 38,300,000 
334,776,000 351,000,000 








rication of the Liquid Metal Fueled 
Reactor Experiment is not expected 
until 1960 (earlier, the hope had 
been 1959). Resi dedaoea 
effort will continue in 1959. 

® Organic Moderated Reactor. 
The OMRE at the Idaho reactor 
testing station will continue to be 
operated, testing several organics for 
suitability as moderators and coolants. 

® Plutonium recycle program. 
Under construction at Hanford will 
be a Pu fabrication lab and a Pu 
recycle test reactor (NU, Jan. ’58, 
p. 62) for testing various fuel. ele- 
ments. The reactor design is near 
readiness and construction will begin 
this year for completion in fiscal 
1960. 

® Pressurized heavy water con- 
cept. About $4-million will be spent 


at Savannah River to continue re- 
actor-evaluation design studies and 
analysis of experimental work; re- 
search-development in its early 
stages looking toward a completed 
design; no construction anticipated 
in foreseeable future. 

® Gas-cooled co t. Desi 
work is to be com isto ie some 
and a report will made to the 
Joint Committee this ing. No 
money is asked by AEC beyond the 
$3-million appropriated last year; 
it’s up to JCAE to work out the 
schedule for fiscal 1959. 

© Other concepts. AEC makes a 
“continuing evaluation” of new con- 
cepts. About $1-million is bein 
spent this year on new concept stud- 
ies; some $1.5-million in 1959 
budget. 


Satellite-Age Congress Faces Crucial Year on Atom; 
‘202’ Hearings Feb. 19 Follow 2-Week Research Inquiry 


Out of a whirl of demands, statements and charges marking the con- 
vening of the first satellite-age Congress has emerged the indication—if 
not concrete assurance—that something will be done this year to 
accelerate nuclear development in power, propulsion and research. 


The political fight over imme- 
diate acceleration of power reactor 
development is still very much alive. 
But there is a new area of agree- 
ment on a program to su the 
five-year reactor demonstration 
program and a new feeling for ex- 
tending federally-centered research 
effort on the atom. 

Among the developments in 
January highlighting research anxi- 
ety were: 

® Rep. Price’s JCAE subcommit- 
tee on research and development 
scheduled hearings preceding the 
annual “202” state-of-the-atom hear- 
ings to underscore the extent of 
current basic research activities. 
The research hearings began Feb. 
3 and run through Feb. 14; the 
statutory hearings pick up almost 
immediately—on Feb. 19—with AEC 
officials, then industry witnesses. 
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Major areas being explored by 
the Price subcommitee and some 
50 top scientists are i 


chemistry, 
metallurgy and nuclear physics, with 


stress on high-energy accelerators 
and controlled fusion. 

®@ The National Science Founda- 
tion drew special attention to a 
recommendation of its advisory 
panel on high-energy physics for 
an increase of $20—50-million in the 
$40-million annual spending rate for 
construction and operation of high- 
ene: accelerators. Also recom- 
mended was an increase in support 
spending by NSF, AEC mo the 
Defense Dept., including develop- 
ment of new accelerator 

On the near- and far-term needs 
for. increased federal spending on 
reactor development, there were 
these developments: 


@ JCAE and AEC have completed 
the preliminaries on a program to 
succeed the five-year plan. AEC, 
carrying the ball in the early going, 
is beginning to “see the shape” of a 
proposal extending federal eg 
tion into the late 1960's. The AEC 
plan presumably would be presented 
to J later this session for bi- 
lateral consideration. AEC Chair- 
man Strauss described the situation 
this way: 

“We have under active con- 
sideration within the Commission 
and will later have in consultation 
with the Joint Committee a review, 
a reappraisal, of the power situa- 
tion in the light of the more plenti- 
ful ly of nuclear material, and 
the ps2 all that have been 
made in the art in the last year.” 

®To boost the attractiveness to 
foreign buyers of U. S.-designed 
reactors, AEC is considering “an in- 
tensive program for the develop- 
ment of improved fuel elements” 
for water reactors. Commissioner 
Vance dropped a loud hint that 
several more reactor contracts might 
be let in Western Europe this year. 

@Sen. Albert Gore (D.-Tenn.) 
offered “my 1958 version” of a bill 
to require Federal construction of 
prototype reactors. Going well be- 
yond earlier versions, this one 
authorizes expenditure of $1-billion, 
$400-million of it for reactor con- 
struction, the rest for development 
of nuclear-powered space vehicles 
and an accelerated research effort 
on fusion. 

“We simply cannot afford the 
complacency and the unhurried 
manner which has marked our pro- 
gram to date,” Senator Gore told 
the Senate. 

®@ Chairman Strauss and fellow- 
Commissioner Willard Libby made 
strong claims for the U. S. position 
to date. In a year-end review, 
Strauss put the number of com- 
mercial power reactors building or 
planned at 23, with installed 
capacity of 1,300 Mw(e) by the 
mid-1960’s. In a speech at Eugene, 
Ore., sce d said U. S. know-how 
and supply abilities on natural 
uranium, heavy water and enriched 
uranium place us in “an absolutely 

i g position in the atomic 
power development of the future.” 
He added: 

“We supply the chea atomic 
fuel, we supply the cnotete heavy 
water, and we are one of the world’s 
principal producers of natural 
uranium. It is not too much to 
say that whatever the future de- 
velopment and in whatever direc- 
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tion atomic power moves, our posi- 
tion will be an absolutely com- 
manding one from the point of 
view of raw materials alone.” 

Shortly before introduction of the 
Gore bill, JCAE created a Special 
Subcommittee on Outer Space 
Propulsion, headed by Sen. Clinton 
Anderson (D.-N. M.). He and 
other Democrats called for a speed- 
up of Project Rover—development 
of nuclear-propelled space vehicles 
—to hasten conquest of space by 
the U. S. 

Two other Democrats, however, 
threatened JCAE’s very existence 
with a proposal to demolish the 
joint group in favor of permanent 
House and Senate committees on 
science. The bill, sponsored by 
Senators Hubert Humphrey (D.- 
Minn.) and John McClellan (D.- 
Ark.), was not given much chance 
this year. 

Senator Gore added to JCAE’s 
already-full schedule with an inquiry 
into AEC’s uranium ore procure- 
ment policies. Hearing dates will 
be set after AEC submits the results 
of a survey—due by March 15—of 
the domestic industry’s “hardships 
and problems.” Pending the JCAE 
study, AEC has halted foreign ore 
procurement. 

In the meantime, Rep. Chet 
Holifield (D.-Cal.) and Sen. Henry 
Jackson (D.-Wash.) demanded (1) 
a sharply-increased building pro- 
gram of nuclear subs and (2) a 
concerted effort to develop an 
“underwater  satellite’-—a__roving, 
missile-launching platform. The 
Navy indicated it would seek funds 
to add up to six nuclear subs to the 
22 pro med (see p. 28). 

Finally, Rep. Craig Hosmer (R.- 
Cal.) won the JCAE seat vacated 
by Sterling Cole. He backs AEC’s 
partnership-with-industry policy. 


Uniformity in Regulations 
Sought in Forum Meeting 


Promotion of uniform regulation of 
nuclear energy on the federal, state 
and local level was begun by 40 
government and association spokes- 
men meeting under the auspices of 
the Atomic Industrial Forum. The 
long-range effort is aimed at maxi- 
mizing uniformity of health and 
safety rules, and promoting the 
atom at the community level. In 
the wind as a result of the one-day 
meeting are: 1. possible creation 
of a Forum committee on state and 
local activities; 2. a bigger meeting 
bringing together officials at all 
levels of government. 
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Two More Reactor Projects Underway: 


1-General Dynamics: Ship 


MGCR, the Maritime Gas-Cooled 
Reactor, has been — to Gen- 
eral Dynamics Corp. by AEC and 
the Maritime Administration. The 
selection is contingent on negotia- 
tion of a contract which will cover 
development of a prototy gas- 
cooled reactor, closed-cycle gas- 
turbine plant for merchant ship 
propulsion. Five to seven years 
are estimated to be required from 
initial contract award to complete 
construction of the plant. 

GD won the much-sought-after 
award from 18 bidders (NU, Nov. 
57, 21). The project will be a 
joint undertaking of two Dynamics 
divisions: General Atomic in San 
Diego, where basic research, reactor 
design and construction are carried 
out, and Electric Boat, whose 
Groton, Conn. shipyards _ built 
Nautilus, Seatvolf, Skate, and are 
building four more nuclear sub- 
marines. Initial phase of the 
project will include development of 
high-temperature fuel elements, re- 
actor controls, and selection of 
coolants, moderator, and compatible 
turbine machinery. Thereafter “de- 
sign, fabrication, erection and test 
operation” of a prototype will follow. 

The closed-cycle gas-cooled nu- 
clear shipboard engine is the second 
stage of a joint AEC-MA program 
to achieve an economic nuclear 
merchant ship (NU, Nov. ’57, 78); 
the first stage is the 21,000-ton 
passenger-cargo ship N. S. Savannah. 


Zirconium vs Steel Costs 
To be Discussed in N. Y. 


Two symposia on the economics 
of zirconium vs. stainless steel, used 
as both cladding material and struc- 
tural material, will be held in New 
York within the next month. Spon- 
sored by Columbia-National Corp., 
a principle zirconium producer, they 
will be based on the results of a 
year-long, $25,000 research project 
carried out for Columbia-National 
by Manson Benedict of MIT. Cor- 
relation of fuel enrichment and ma- 
terial costs and the break-even 
points with Zr and stainless were 
studied in the cases of five specific 
reactors: SRE, Vallecitos, Yankee, 
the propulsion reactor for Savannah, 
and Canada’s first power reactor. 
The first symposium will be held 
Feb. 13 for reactor designers (by 
invitation), and the second early 
in March for producers, melters and 
converters of Zr sponge. 


2-NDA: East Central Group 


Nuclear Development Corp. of 
America has a study contract with 
the East Central Nuclear Group 
covering a high-performance heavy- 
water steam-cooled reactor, Nvu- 
cLeontcs has learned; the project is 
separate and distinct from the 
heavy-water gas-cooled pressure-tube 
reactor on which ECNC is col- 
laborating with the Florida West 
Coast group (NU, Jan. ’58, 17). 

The 14-utility ECNG group, 
spearheaded by American Gas & 
Electric Corp., is to get a preliminary 
report in a matter of six months; 
NDA has already been working on 
the project for a like period. In- 
volved is a heavy-water moderated, 
natural uranium fueled reactor; low- 
grade steam is made outside it by 
mixing steam from the reactor out- 
let with condensate from the tur- 
bine, and this is then fed into the re- 
actor to produce superheated steam. 


Four Firms to Study 
Small Military Reactors 


Curtiss-Wright Corp., General 
Electric, and a team of Nuclear De- 
velopment Corp. of America with 
General Motors will get AEC con- 
tracts for nine-month studies on 
small reactor systems for military 
use. Extreme compactness, low 
operating weight, and moderate 
power output [up to 2 Mw(e) net] 
are the criteria, and the studies are 
to determine which reactor con- 
cepts show most promise in this di- 
rection. Twenty-eight firms bid to 
make the studies, in response to an 
AEC invitation last October. 


Britain Reported Asking 
U. S. Enriched Uranium 


Britain has requested the U. S. 
to supply her a substantial amount 
of slightly-enriched uranium, AEC 
officials were quoted as having dis- 
closed last month. The request is 
reported to have been made about 
a year ago. This confirms a Nvu- 
CLEONICS report even longer ago 
(NU, May ’56, 23) stating that 


‘negotiations were underway for a 


separate agreement between the two 
countries. Britain has one gaseous 
enrichment plant at Capenhurst near 
Liverpool, but its output is very 
Limited. Although regarded as the 
champion of natural-uranium, Britain 
has said her civilian A-stations would 
use slightly-enriched uranium. 
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World News 


Italian Contract for Westinghouse 


SELNI (Societa Elettronucleare Italiana), a group 55% 
owned by Edisonvolta of Milan, has finally agreed on 
terms and signed a contract with Westinghouse for a 
134-Mw(e) Yankee-type A-plant to be installed on 
Edisonvolta’s grid (NU, Jan. '57, R1). SELNI has ap- 
plied for a $24-million loan from the E -Import 
Bank of Washington to finance materials ind enadhaaay 
purchase, and to issue bonds to increase its capital by 
$10-million. 


Japan to Buy a U. S. PWR, Building Unit 


Japan’s AEC has approved plans of the Atomic Energy 
Research Institute to buy an 11-Mw(e) pressurized 
water reactor in the U. S. in the 1958-59 fiscal year, for 
operation by mid-1961. JAEC’s new long-range pro- 
gram calls for installation of 600 Mw(e) nuclear ca- 
pacity by 1965, 7,000 Mw by 1975. Also, first blue- 
prints of Japan’s first domestically-built reactor have been 
completed: the natural-uranium, heavy-water research 
and isotope-production reactor with 10 Mw output will 
be completed at the Research Institute in 1960. Design 
is similar to Canada’s NRX-reactor. Hitachi Ltd. will 
build the reactor itself; Mitsubishi group firms will pro- 
vide water and gas facilities; Tokyo Shibaura Electric 
and Fuji Electric the instrumentation and controls, and 
Ishikawajima Heavy Industries the isotope-handling 
equipment. JAERI and industry representatives are 
now in Canada to obtain data; first orders are to be 
placed in March, work on the building to house the unit 
will start in April, and assembly of the reactor itself at 
year’s end. 








NPD Design Changes Completed 


An oxide fuel element has been developed in Canada 
for use in horizontal pressure tubes carrying fuel and 
heavy-water coolant, and a new conceptual design for 
a core on this system has been evolved. Pressure 
tubes, which would surround individual fuel elements 
and coolant fluid, would have a great advantage over the 
huge, bulky, difficult-to-fabricate and expensive pressure 
vessels that now contain whole cores of water reactors, 
by reason of their smaller size and weight and easier 
replaceability; until now two difficulties had been to 
fashion piping that would take pressures of 2,000 psi 
and to ae reliable pipe-to-header welded seals. Con- 
sequently the plans a. the Nuclear Power Demonstra- 
tion reactor, Canada’s first power unit, have been 
changed over to this new design (NU, June ’57, 26); 
alterations are completed and construction “is expected 
to proceed by mid-summer this year.” Canadian Gen- 
eral Electric is building the 20-Mw(e) plant for Atomic 
Energy of Canada Ltd. and Ontario Hydro. The new 
design can be used in large-scale plants of “several 
hundred Mw(e)”; one such is already under study at 
Chalk River by Candian utility engineers. Another 
study has been made by Canadian Westinghouse (see 
p. 26). 





Swiss Girding for A-Push 

The Swiss government has granted a special subsidy of 
$5.1-million for nuclear research and training to the 
Swiss Fund for Scientific Research, plus $1.1-million to 
Réacteur S.A., the nonprofit combine set up by the main 
Swiss industrial firms working in the field (NU, June 56, 
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19B). A $4.66-million laboratory (with cyclotron and 
accelerator) is projected for Switzerland’s famed Poly- 
technic Institute in Ziirich. Four tons of heavy water 
to be produced in Switzerland have been sold to France, 
and a Swiss-Canadian a t for cooperation, includ- 
ing provision for delivery of Canadian uranium to 
Switzerland, is being negotiated. Energie Nucléaire S.A. 
of Lausanne, which will build the country’s first power 
reactor, has released sketches of the 5-Mw(e) , 25-Mw (th) 
boiling reactor with intermediate heat exchanger to be 
built in a hillside for 1964 operation: 


Euratom Names Leaders; Huet Heads OEEC Unit 


Louis Armand, head of the French National Railways, 
who in a few short years turned a war-devastated 
system into the world’s , was named chairman of the 
five-man Euratom Commission. He had been one of 
Euratom’s “three wise men.” Joining him on the 
Commission are vice-chairman Enrico Medi of Italy, 
Rome Univ. physics professor; Paul de Groote of Bel- 
gium, president of Brussels Univ. and administrator of 
CEAN, the Study Center for Applications of Nuclear 
Energy; Heinz Krekeler, present German ambassador to 
Washington and a former chemist at I. G. Farben; and 
Emmanuel Sassen, Dutch lawyer, member of parliament 
and head of Holland’s Christian Democratic Party. 
Commissioners will serve six years. Final decision on 
location of Euratom’s permanent headquarters has been 

yoned. First task of the Commission, Armand says, 
will be to establish a precise calendar to enable Euratom 
to meet its 15-million kw target. Another Frenchman, 
lawyer Pierre Huet, was named director of the new 
European Nuclear Energy Agency founded in December 
by OEEC (NU, Jan. ’58, 22). 


“Thermocouple Reactor” in Germany 


Siemens-Schuckert of Erlangen got a preliminary patent 
(DAS 1,021,962) on a nuclear reactor transferring heat 
into electricity by theromocouples. Several variants are 
pro 


Frankfurt’s Reactor Critical 


Germany's second reactor, the Atomics International-built 
solution-type research unit at the Univ. of Frankfurt, 
began operating Jan. 10; it had been scheduled to go 
critical early in November (NU, Nov. '57, 89). A simi- 
lar AI unit now being assembled in West Berlin is now 
scheduled to start operating in April. 


Anglo-Italian Bilateral Signed 


Italian Foreign Minister Pella and British Ambassador to 
Rome Sir Ashley Clarke last month signed an agreement 
for atomic cooperation under which Britain will supply 
the natural uranium—amount unspecified—for the reac- 
tors she will furnish to Italy. The agreement is de- 
scribed as also binding even if another country should 
furnish natural-uranium-fueled reactors, provided Britain 
had examined and approved the project. _Italy’s first bi- 
lateral, signed last July 3 with the U. S., covers supply of 
enriched uranium. 


Poles Plan A-Ship 


Poland will launch its first nuclear-propelled ship in 
1970, Trybuna Ludu of Warsaw says; a working group 
has already been set up in the Polish Academy of Science 
to draft biueprints or a 3$5,000-ton, 20-knot tanker, 
powered by an organic moderated reactor driving a 
24,000 hp engine (NU, April ’57, 26). 




















Reactor News 


AI SIGNS EPITHERMAL CONTRACT 


A $5,354,000 research and development contract has 
been signed by Southwest Atomic Energy Associates and 
Atomics International for research on an epithermal 
thorium reactor (NU, Oct. ’57,21). The 15-firm South- 
west group, being located in a low-cost fuel area, is seek- 
ing to leap-frog the first generation of reactor types to 
develop an advanced system with greater pro for 
economic power. The present project is to determine 
the economic feasibility of using epithermal-range neu- 
trons, and “may be followed by a test installation or a 
demonstration power plant, depending on the outcome 
of the research and development work.” The concept 
contemplates use of U™ as fuel, sodium as coolant and, 
“if moderated,” beryllium or graphite as moderator. 
“The nuclear power plant would be rated at ~200 
Mw(e),” AI says of an eventual full-scale station. 


NORTHERN STATES PICKS SITE 

The 66-Mw(e) Allis-Chalmers advanced boiling water 
reactor Northern States Power and its 10 associated mid- 
western utilities will build is now set for 6 mi NE of 
Sioux Falls, S. D., on the banks of the Big Sioux river, as 
forecast (NU, Dec. ’57, 27). 


HRE-2 ON PRE-POWER TESTING 


Operators of Oak Ridge’s Homogeneous Reactor Experi- 
ment-2 have operated 80 hrs at zero power without 
difficulty, nucieonics learns. They have completed 
measurements necessary to determine temperature co- 
efficient over a range from 25 to 280° C, and are now 
shut down to seal up the container and demonstrate leak- 
tightness. Operation at full power will follow. 


PROMISING NEW CONCEPT AT WESTINGHOUSE 


Canadian Westinghouse last month announced it was 
ready to offer for sale a natural uranium, heavy water 
reactor it said—not without reservations—was capable 
of producing electricity in a 300-Mw(e) size for as 
little as 6.5 mills under Canadian financing practices, 10 
mills in the U.S. The HPTR (horizontal pressure tube 
reactor) employs zirconium-clad fuel elements laid end- 
to-end in pressure tubes, high temperature D:O coolant 
and low-temperature D:O. High burn-up would be 
attained by replacing 5% of the fuel charge monthly, 
thus continually placing fresh fuel next to partly-used 
elements. Project engineers were at pains to point out 
that the cost figures were based to date only on paper 
studies, but insisted, “This is what we honestly feel can 
come out of this—possibly better.” The Canadian 
Westinghouse study team made use of the know-how 
available to it from its U. S. parent. 


OLIN CORES FROM MONTVILLE, CONN. 
Assembly of reactor cores will start in May at Olin 


Mathieson Chemical Corp.’s new fuel plant at Montville, 
Conn. (NU, Oct. ’57, 29), now half completed. 


FIRST NEUTRONS AT WESTINGHOUSE CENTER 
The Westinghouse Reactor Evaluation Center at Waltz 
Mill, Pa., came alive, nuclearly speaking, when a critical 
assembly testing a portion of the core being developed 
for the Yankee plant went critical. Also at the WREC 
site (NU, Aug. ‘57, 26) the Westinghouse Test Reactor 
is under construction, due for completion at year’s end. 
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SEAWOLF TO GET WATER REACTOR THIS YEAR 


Seawolf, the Navy's second nuclear sub, now operating 
at reduced efficiency because of heat exchanger troubles 
with her sodium-cooled reactor plant, (NU, Dec. ’56, 
R38; March ’57, R6; Aug., 26), will get a new pres- 
surized-water reactor “within a year,” Vice Adm. 
William V. Davis, Deputy Chief of Naval Operations, 
told a Nuclear Energy Writers Assn. meeting. The new 
unit, NUCLEONICS learns, will be Westinghouse-built. 


EARTHQUAKE EFFECTS STUDY BEGUN 

AEC has given Lockheed Missile Systems division of 
Lockheed Aircraft a $100,000, one-year contract to study 
the effects of earthquakes on reactors. Holmes & Narver, 
Los Angeles engineering firm, will participate as subcon- 
tractor. Effects on pressurized- and helnateaier reac- 
tors will be emphasized, with consideration given also to 
sodium-graphite, fast-breeder, gas-cooled and homoge- 
neous types. Criteria will be developed for design re- 
quirements to eliminate or minimize hazards that might 
impair reactor operation or result in contamination. Re- 
sults will be published in an AEC handbook. 


WESTINGHOUSE ENGINE FOR SMALL SUB 


A $1.5-million contract has gone to Westinghouse for 
condensers and propulsion motor, turbine generators and 
controls for the S2C small hunter-killer A-sub, for which 
Combustion Engineering is developing a small pres- 
surized water reactor (NU, July ’57, 68). 


CLEVITE NOW AN MTR FUEL SUPPLIER 


A contract for 300 replacement fuel elements for AEC’s 
Materials Testing Reactor in Idaho has gone to Clevite 
Corp., Cleveland. The aluminum-clad, Al-U alloy ele- 
ments are to be delivered over a 10-month period this 
year; Clevite plans to use new techniques in fuel-plate 
rolling and element assembly. The first commercial 
contract for MTR elements went to Babcock & Wilcox 
at the end of 1955 (NU, Dec. ’15, 10; Jan. 56, 13). 
Clevite, which only entered the nuclear business in 
March 1957, says it is also making 350 enriched U-Al 
alloy plates for Westinghouse, 11,942 U plates for 
Argonne, and developing improved zirconium fabrica- 
tion techniques. 


PRATT & WHITNEY ANP CONTRACT RENEWED 


AEC has renewed its contract with United Aircraft Corp. 
covering development of aircraft nuclear propulsion. 
The new ~$45-million pact extends one originally made 
in May 1953 until September 30, 1960, and provides for 
work costing an estimated $15-million/yr. Pratt & Whit- 
ney division of United Aircraft is working at the recently- 
completed Connecticut Aircraft Nuclear Engine Labora- 
tory at Middletown, Conn., on designing an advanced 
plane propulsion system and developing reactor compo- 
nents, A parallel contract, from the Air Force, for de- 
velopment of the J-91 reactor-powered jet engine had 
earlier been canceled (NU, Dec. ’57, 25). 


VALLECITOS POWER BOOSTED 

AEC has amended its operating license No. 1 issued to 
General Electric's Vallecitos boiling reactor to it 
it to increase thermal level from 20 to 30 Mw, allowing 
a corresponding increase in electric output from 5 to 
7.5 Mw(e). GE has successfully done this without 
adding fuel, thinks the reactor is capable of going yet 
higher (NU, Nov. 57, 23). A month earlier Argonne’s 
Experimental Boiling Water Reactor had increased its 
power from 20 to 50 Mw(th) (NU, Jan. ’58, 23). 
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News in Brief 


C Stellarator Associates: RCA and Allis 
Allis-Chalmers Mfg. Co. and Radio Corp. of America, 
who were chosen by AEC jointly to build and fabricate 
its “Model C Stellarator” (stellar generator) controlled 
fusion machine at the Project Matterhorn labs in Prince- 
ton, have formed a combined engineering staff organiza- 
tion to be known as C Stellarator Associates. About 50 
persons, engineering and administrative, will be assigned 
by the two firms to the new unit. Project manager is 
Leonard P. Linde, A-C’s director of electrical engineer- 
ing; technical directors are Dane T. Scag of A-C and 
Philip T. Smith of RCA, both of whom have been work- 
ing at Matterhorn for two years. 


U-233 Specifications Declassified 

AEC, which in November 1956 had announced a guaran- 
teed fair price of $15/gm for U™ as uranyl nitrate, last 
month published specifications and detailed prices. 
Uranyl (233) nitrate in water solution, whose U-content 
is ~400gm/lit of solution, is to be delivered at Oak 
Ridge; metallic impurities may not exceed 5% by weight 
of total metallic content of, solution; radiation level 
from fission product decay is not to exceed 1 mr/hr/gm 
of contained U; cross section of impurities for thermal 
neutrons is not to exceed 0.010 cm?/gm U. The $15/gm 
price is reduced progressively as enrichment falls, as 
shown in table below: 


Weight % (U** + U™) $/gm $/gm ~ 
in total U (U* + U™) total U 





100 15.00 15.00 
95 15.00 14.25 
90 14.96 13.46 
80 14.90 11.92 
70 14.84 10.39 
60 14.77 8.86 
50 14.69 7.35 
40 14.58 5.83 
30 14.41 4.32 
20 14.12 2.82 
10 13.40 1.34 

5 12.24 0.61 
1 6.64 0.07 





Commercial Radiation Sterilization: Sutures 

A new commercial radiation sterilization process was 
inaugurated Jan. 17 when Ethicon Inc. division of John- 
son & Johnson began full-time commercial electron-beam 
sterilization of surgical catgut sutures. A High Voltage 
Engineering Corp. linear accelerator generating 7-million 
volts applies the cleansing dose to sealed containers 
of sutures on a conveyor belt at Somerville, N. J. Start 
of operations capped a ten-year, $1-million research 
8s Atomically-sterilized sutures promise faster 
vealing and less tissue reaction for the patient, 8-14% 


greater tensile strength, greater pliability and ten times 
greater safety margin for the surgeon, as against heat- 
sterilized catgut. 


AEC Extends Indemnity to Contractors 

AEC will offer statutory indemnity, provided by Con- 
gress last summer, to its major contractors co protect 
them and the public against nuclear accident losses. 
The offer applies to AEC prime contractors and their 
subcontractors engaged in operation of reactors or other 
facilities such as chemical separation plants, as well as 
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design and engineering contractors and y gars of com- 
ponents. Those accepting the offer will be indemnified 
up to $500-million against claims resulting from nuclear 
accidents; they—and the public—will get much broader 
protection than is provided in existing AEC contracts, 
which do not cover accidents caused by fault or 
negligence of a subcontractor or supplier. Cost of the 
indemnity will not be charged to AEC contractors, but 
regulations requiring licensees to obtain commercial in- 
surance and pay for their governmental indemnity re- 


main unchanged. 


Nuclear Power Lab for Allis-Chalmers 

Allis-Chalmers will build a 23,000 sq ft lab near Mil- 
waukee for reactor plant research, development and engi- 
neering and construction and testing of models and 
rototypes of reactors and components. The lab will 
oem 150-200 scientists, engineers, draftsmen and tech- 
nicians, plus electronic computers. 


AEC Closing Boron-10 Plant ; 

The boron-10 plant near Niagara Falls operated for AEC 
by Hooker Electrochemical Co. is being shut down and 
placed on standby, following an AEC study showing 
current inventory of the neutron-absorbent material to be 
sufficient to meet the demand “for the next several 
years.” The plant, which separates boron-10 from 
boron-11 (NU, March ’57, R6), will be completely shut 
down by July 1. It was built only in 1953. 


New Giant in A-Metals Field 


Claiming to be the world’s — fabricators of precious 
metals (ranging from gold, silver, platinum and iridium 
to uranium and zirconium), En Som Industries Inc., 
a diversified giant with annual of $200-million, was 
born Jan. 3 as result of consolidation of nine companies. 
Among the members of the new family are Baker & Co., 
whose interest is in cold uranium scrap and in chemical 
reprocessing; D. E. Makepeace, which has just com- 
pleted a $1-million plant at Plainville, Mass., for fabrica- 
tion of fuel elements and reactor components (NU, May 
’57, 26); and Nuclear Corp. of America, consultants and 
makers of nuclear instruments. 


Big U-Contract at Kermac 


Kermac Nuclear Fuels will collect $300-million mini- 
mum, $350-million maximum, under its ten-year contract 
to supply uranium concentrates from its 3,300 tons/day 
mill to AEC, says Dean A. McGee. The president of 
Kermac’s parent firm, Kerr-McGee Oil Industries, also 
told the Washington Society of Investment Analysts that 
known U reserves in the U. S. (of which his firm is the 
largest holder) are relatively small in terms of what 
will be discovered as the demand “We think 
there will be many additional areas of the U. S. able 
to produce uranium,” he predicted. 

Clue to Cheap Waste Disposal? 

General Electric chemists at Hanford see “globs of 
custard-like gel” as a possible answer to the problem of 
radioactive waste disposal. be hope to use sodium 
silicate—which, when mixed a solution containing 
aluminum, solidifies into a milky white gel—to capture 
cesium-137 and strontium-90. Aluminum from dissolved 
cladding is present in liquid refuse from Hanford’s 
chemical separations plants. If successful, the technique 
would permit burial of globs of gelled waste, eliminating 
the need for large costly steel tanks. Decay heat turns 
the gel to a clay-like substance or, if the temperature is 
high enough, to a porcelaneous material, fixing the waste. 
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R O U see oe 


Vitro Sees $3-Billion 
A-Market Abroad 


A Vitro Corp. analysis of nuclear 
needs outside the U. S. through 
1967 shows a $3,115,000,000 total 
potential market. Broken down, 
Vitro sees a $2-billion market for 
power reactors and related equip- 
ment, $1-billion for propulsion re- 
actors, $30-million in research re- 
actors, $10-million in radioisotope 
and radiation applications, and $75- 
million in engineering _ services. 
Most overseas nations are in the 
early phases of their nuclear de- 
velopment, points out Vitro Interna- 
tional vice-president Ralph L. 
Brown; some of them are faced with 
an immediate need for nuclear 
power and having no time to de- 
velop their own technological capa- 
bilities must rely on the U. S. to fill 


the gap. 


Three More Navy A-Subs 
To Fire Ballistic Missile 

The Navy got swift approval from 
Con for its 20th, 21st and 
22nd nuclear submarines. Contrary 
to widely-stated accounts, these will 
not be the first missile-firing A-subs 
—four carrying Regulus guided mis- 
siles are on the way; but they will 
be the first armed with Polaris ballis- 
tic missiles. Westinghouse promptly 
got an $18-million contract for their 
reactor vessels, heat exchangers, 
pressurizers, main pumps, instru- 
mentation, etc. The Navy is con- 
sidering asking for six more. 


Socony Irradiation Lab 
Includes Unique Hot Cell 
Socony Mobil Oil Co. has invited 
bids from six construction firms to 
build its projected radiation labora- 
tory at Pennington, N. J. Com- 
ard Officials said the lab would 
eature a unique, combination wet- 
and-dry hot cell for work with fuel 
elements and CO”. The cell could 
be flooded with water for flexibility 
of experimentation. The Socony 
Mobil lab will be interdependent 
with the larger, 10-company nuclear 
research center under construction 
at Plainsboro, N. J. (NU, Aug. 
"57, 104). Bids are due Feb. 17. 


Flood of Technical Papers 
Submitted for Geneva Parley 
More than 1,300 papers have 
been submitted to AEC for the 
second Atoms-for-Peace conference 
in Geneva, Sept. 1-13. Several 
hundred will be selected to make 
up the U. S. technical presentation. 


NUCLEONICS Statistics of the Month 


Nuclear Construction Projects in Progress 
(Millions of Dollars 


Nuclear Contracts*— 
Contracts awarded for federal projects ($10*) 
Proposed construction, privately-owned ($10*) 
Contracts awarded, private work ($10*) 
Backlog of private projects ($10°) 


Access Permitst— 
Access permits Issued 
Total access permit holders 








Isotope Uset— 
Applications for isotope use 
Cumulative total of isotope users 
Oak Ridge National Laboratory shipments 
Public and private export shipments 


Employmentt— 
AEC employment 6,808 6832 6,636 
Construction and design contractors’ employment 11,692 11,627 15,129 
Total operating contractors’ employment 97,195 97,925 93,476 
Production workers 50,294 50,285 49,980 
Research and development employees 40,741 41,305 37,593 
Miscellaneous workers 6,160 6335 5,903 








Operating Building Contracted 


U. S.-built Reactors} — 
Power, domestic 17 
Power, for export 
Power experiments and pilot plants 
Military and naval 
Research and test, domestic 
Research and test, for export 
Foreign-buiit Reactorst— 
Power, domestic 4 
Power, for export 0 0 
Research and test, domestic 25 17 
Research and test, for export 3 ? 
* From Construction Daily, a MoGraw-Hill periodical tf From AEC {nuciEontcs Sones 


§ Apoeape to be down one from last month because Vallecitos boiling reactor is reclassified as 
a pilot plant. 
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New Instrument News 


Operation and Selection of 
“RCLiac” Scaler- Analyzers 


General Description 


The “RCLiac” scaler-analyzers are innovations to nuclear 
data processing. Nuclear detector pulses are processed and 
quantized in total or in spectra. 


Operation and Application 


Two basic modes of operation yield extensive applications 
in the laboratory. Gross counting, the scaler mode of opera- 
tion, affords events-per-interval-of-time or time-per-event anal- 
ysis. Time intervals or event totals may be preset. Simple 
applications in this mode of operation are: half-life determina- 
tion, pulsed reactor response, fast-neutron velocity distribution, 
and other similar studies. With the aid of an automatic sample 
changer, as many samples as there are channels can be 
counted, automatically. 


The spectrometry mode of operation allows background 
reduction, smaller tracer doses, isotope identification, complex 
spectral distribution analysis and other related analyes. 


With their inherent versatility of operation and application 
the RCLiacs are believed to be destined to become as univer- 
sally accepted in the nuclear field as the oscilliscope is in 
the electronic field. 


Readout 


The RCLiacs have two basic readout modes, “Curve” and 
Number”. “Curve” readout plots graphically the total count 
recorded in each channel. “Number” readout displays the 
arithmetic total of counts received in each channel in decimal 
Arabic form. Both RCLiac models have switch-selected ““Curve- 
Number” readout displayed on a cathode-ray tube which 
presents a photographic image for rapid and accurate record- 
ing of data for permanent reference. 


Design 


Reliability, precision and ease of operation have been 
designed into the RCLiacs. Design features which contribute 
to these parameters of operation are: 95% transistorization 
affording greater reliability and lower power requirements, 
printed circuitry throughout and modular construction afford- 
ing unique odaptions for specific situations. Yet the RCLiacs 
are remarkably small in size and weight, actually portable. 


Selection 


Selection of your RCLiac should be based primarily on your 
facility's basic research requirements. For the modest labora- 
tory the RCLiac-32 should be considered, while larger installa- 
tions may require the RCLiac-128. The RCLiac-128 has four 
times the range of the RCLiac-32, affording a greater energy 
range in the spectrometry mode and a greater range of opera- 
tion in the gross counting mode. 


The finest spectrometry instrument now in use is the RCL 
256-channel analyzer, the most widely accepted instrument 
for pulse-height analysis. 


Your RCL representative can offer excellent counsel and 
help you in the proper selection of the right RCLiac for you. 
Write today for more detailed information on the RCLiacs 
and a list of representatives near you. 
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Introducing 


RCLiac-32 and 128 


transitorized multi-channel 
scaler-analyzer 
data processing systems 


One instrument that performs all operations from detection to qualitative 
or quantitative analysis. All counting and analytical operations from simple 
gross counting through scintillation spectroscopy and pulse-height analysis can 
be accurately and rapidly processed by the RCLiacs. Representative features: 


Six plug-in modules 

Super-stable H.V. supply, continuously variable from 500 to 1500 volts 
Completely transistorized linear amplifier 

Preset time from 0.1 second to several days 

Preset count from 10 to several billion 


Maximum zero drift: 4 channel per day on RCLiac-32 
1 channel per day on RCLiac-128 


Maximum input pulse rate: 50,000 pps. 

Data stored in decimal form 

One million count capacity per channel 

Readout is “live” during accumulation in either “curve” or “number” mode 
Instant, permanent recording of data by use of Polaroid camera 

Outputs available for strip chart recorder and digital printer. 


PN Teliticli ae Althicles 


See the remarkable RCLiac-32 in operation at RCL’s booth. Also see instru- 
ments representative of the complete line of nuclear instrumentation from RCL. 





- sdiation 


Counter 


Laboratories, Inc. 


Radiation Counter Laboratories, Inc. Dept 128 
Nucleonics Park, Skokie, Il. 


Gentlemen, 


Please send me information on the [] RCLiac-32, [] RCLiac-128, 
(-] RCL’s 256 Channel Anolyzer. 


Name 





Address 








NUCLEONIC PARK, SKOKIE, ILLINOIS 
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Tension tests are required to be made at room 
temperatures and at 670° F. The following minimum 
physical properties shall be met: 


At Room Temperature: 
TS Ys 


70,000 30,000 


EL 
Ls 


mA 
50 


CHARPY V-NOTCH 
50 


At 670° F, the minimum tensile strength shall be 
51,000 p.s.i. and the minimum yield strength 
18,300 p-S.i. 


Rejection 


Each casting that develo 

PS unacceptable 
defects during shop working or fails to 
conform to all of the requirements of 
these specifications shall be rejected, 


No repair by welding or other 
will be permitted. a 


Radiographic Inspection 


(a) Paragraph S5 (a) of the Supplementary requirements 
of ASTM-A 362-52T. 


All castings shall be radiographed 100% and shall 
conform to ASTM-E7 1-52, Class 2 quality, except 
as modified by these specifications. 


(b) 


All cast pipe shall be hydrostatically 


tested to 5,900 p.s.i. and held at that 
pressure for 20 minutes with zero pipe 
leakage. Each length of pipe shall be 
hydrostatically tested at the manu- 
facturer's plant. 


The 30LL stainless steel shall con- 


form to the following ladle analysis: 


-O3 max. 
1.50% max, 
03% max. 
03% max. 
2 max. 


Carbon 
Manganese 
Phosphorous 
Sulphur 
Silicon 
Chromium 


00% 
00 
Nickel 00 


2 
18. 
8. - 


The manufacturer shall establish a positive system 

of identification of the X-ray plates which shall 

be subject to approval by the inspector. This 

system shall guarantee complete coverage by 
radiographing and provide for positive identification 
between the plate and the subject. 


Inspection of Penetrants 


All castings shall be subjected to inspection by 
fluorescent penetrants or penetrating dyes both inside 
and out. All cracks, porosity, or flaws revealed as a 
result of .the Dye Penetrant Test shall be due cause for 
rejection of the casting. 








Pipe: All pipe of the following sizes shall 

e centrifugally cast stainless steel as per 
ASTM-A 362-52T, except as modified by these 
specifications: 


- Sch, #160 
Sch. #160 
Sch. #160 
Sch. #140 





16" 
12" 
10" 

Br 


All pipe shall be machine finished to 125 


micro-inch interior and exterior. 





for nuclear piping 


met by 
U.S. PIPE 


metal 
mold 
process 


Centrifugally Cast Stainless Steel 
Solves Many Piping Problems 


Combinations of temperatures, pressures and corrosive condi- 
tions never encountered before: these are among the piping 
problems that must be overcome by the men who design the 
nation’s nuclear power installations. 


Stainless steel centrifugally cast pipe provides many of the 
answers. Study the specifications at the left... specifications 
demanded of stainless steel pipe on a recent job for Paul 
Hardeman, Inc., Los Angeles, California. This pipe is being used 
for heavy duty, high pressure, elevated temperature service in 
the primary piping system of the SPERT-III Reactor at the U.S. 
Atomic Energy Commission's National Reactor Testing Station 
near Idaho Falls, Idaho. The Stearns-Roger Mfg. Company, 
Denver, Colorado, is the architect-engineer on this project. A 
complete tabulation of the actual test data obtained on this pipe 
and to this specification is available upon request. 


U.S. Pipe is headquarters for metal mold centrifugally cast alloy 
and stainless steel pressure pipe over a wide range of special 
and standard analyses—in large and small quantities—and to 
individual specifications. 


If piping of the type described above is the bottleneck in your 
nuclear power planning, write and outline the problem. 


SIZE RANGE 

AND COMPOSITION FLEXIBILITY 
Outside Diameter —6” to 50” 

Wall Thickness— %” and up 
Length—Up to 16’ 


Types of Stainless—All Standard AISI and ACI grades 
of ferritic and austenitic stainless, including No. 20 
Alloy, 17-4 P H, 17-7 P H and E.L.C. grades. 








Scientists load ‘uranium fuel into 
a nuclear power reactor part 
of the Sodium Reactor Experi- 
ment (SRE) built for the AEC near 
Los Angeles, by Atomics Interna- 
tional. The SRE will come in at a 
cost well over $25 rn n, with 
greatest expenditures going for 
Reactor Experiment Fabrication 
($7 million) and Research and De- 
velopment (almost $9 million). 
An additional $8,271,000 will be 
spent during the current year for 
operating expenses and research 
and development. Purpose of the 
SRE is to serve as a pilot plant 
for a full-scale commercial nu- 
clear power installation. 


Among the many materials and 
components purchased and used 
in the SRE — 


Fire-Detection System 
Control Rod Drives 
Heat Exchangers 
Zirconium Strip 
Manipulators 
Tanks 
Piping & Vessels Insulation 
Controllers, Capacitrol 
Pumps 
Electrical Connectors 
Hot Cell Window 
Flowmeter, Permanent Magnet 
Tetralin, Sodium, Reactor Grade 
& Commercial Grade 
Voltmeters & Audio 
Signal Generator 
Water Distribution System 
Shielding 
Gases 
Recorders 
Graphite Blocks & Stringers 
75-Ton Bridge Crane 
Waste Disposal 
Flexible Heating Cable 
Heavy Concrete Shield Plugs 
Heating, Ventilating & 
Air Conditioning System 
(See NUCLEONICS, December, 
1957 pp. 37-40 and fold-out, 
same issue for complete de- 
tails on SRE.) 








NUCLEONICS 
$3 BILLION 


Advertising in NUCLEONICS today sells for you today... establishes 
you as one of tomorrow’s great names in this giant, growing industry! 


Any industry that takes $25 million 
steps toward expansion is in vigorous 
and healthy shape. It’s a rich market 
— one that can pay big rewards to any 
manufacturer alert to its booming 
needs. 


When this multi-million dollar step 
is for a pilot plant — it is obvious that 
the industry’s potential is even more 
tremendous than it is at present. 


Yet expansion into commercial elec- 
tric power is but one of the tremen- 


dous growth areas for the nuclear in- 
dustry ... the industry that’s sold on 
— and by — NUCLEONICS magazine, 
the only publication listed as being ex- 
clusively in the field in “Business 
Publication Rates And Data.” 


Call your local NUCLEONICS repre- 
sentative today for more information. 
Remember, advertising and selling to 
this $3 billion giant today helps you 
win an even greater share of tomor- 
row’s gigantic market! 


NUCLEONICS 


A McGraw-Hill Publication, 330 West 42nd Street, New York 36, N. Y. 


® @ 
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reactor diversification 
and reliable design... 


Unlike other builders of nuclear reactors who specialize in specific types — ACF 
has achieved prominence through diversification. This diversification is a tribute 
to the range and depth of our scientific, engineering and manufacturing skills. As 
a result of our field proven designs — today we offer a group of “standard reac- 
tors”. The ACF Heavy Water Tank Type standard reactor is the direct result of the 
experience gained with the MIT reactor, the Italian National Committee reactor in 
Italy and other designs recently completed for government and private organiza- 
tions. By combining the best features of each of these installations ACF is ready 
to offer a standard Heavy Water Tank Type research reactor with power levels rang- 
ing from 1000 KW to 10,000 KW. 


Another standardized reactor is the ACF Light Water Tank Type—based on the best 
design features of 4 similar units now under construction in the U.S., Holland 
and Sweden with power outputs ranging from 10,000 KW to 30,000 KW. Used 
primarily for materials testing and engineering development, these units are 
further evidence of ACF’s established pattern of reliability in reactor design and 
construction. 

Two ACF Power Reactor Designs have recently been completed — one the Boil- 
ing Water Reactor Type and the other the Gas Cooled Type. The ACF approach to 
power reactor construction is based on the use of proven engineering and sound 
design to provide the customer with the most economic solution of his problem 
with existing technology. 


LIGHT WATER POOL TYPE | HEAVY WATER TANK TYPE LIGHT WATER TANK TYPE PROCESS HEAT 











based on experience 


Other new design developments at ACF include the Process Heat Reactor and the complete 


line of Pool Training Reactors as announced recently. 
Reactors from a 1 watt trainer to 150,000 TKW power unit have already been designed by ACF. No 


matter what your requirements are in the area of nuclear reactors, the diversification, experienced 
personnel and proven designs found at ACF are your best assurance that we have a sound technical 
and economic approach to your problem. We are free at any time to undertake exploratory discussions. 
Write to us, or see us at our Booth at the Atom Fair March 16-21. 


BOILING WATER POWER REACTOR 


PE OT > ce). 9 
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On December 10, 1957, Martin officially commenced opera- 


tion of an important new facility in the field of nuclear 


research and development. 

This was the date of criticality of the Martin Nuclear 
Experiment Facility —one of only three privately owned 
and operated critical test installations in the United States. 
Martin activities in the nuclear field now are in their fourth 
year. The new facility is the result of a long-range pro- 
gram for the establishment of complete research and 
testing capabilities to augment the development and manu- 


facturing assets of a fuiiy integrated Nuclear Division. 


im the U.S. 


Martin nuclear activities encompass the research, develop- 
ment, manufacturing and testing of reactors, fuel elements 
and related components for industry, the Atomic Energy 
Commission and all branches of the military. 

(Photo above) Now under zero power test at the facility 
is a full core of stainless steel tubular fuel elements for the 


MARTIN Air Transportable Power Reactor. 
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We probably have ju 
for you. The Pi 
braces units sp 


looking for fine isotope instrumentation — 
backed by a national service hookup? — 
Look into Picker-built scalers, ratemeters, well counters, probes. 
These (all other Picker equipment, too) are sold and serviced by 

a far-flung network of service engineers with local warehouses 


and service depots at strategic points. There’s probably a Picker 
District office near you (see your local ‘phone book). 


y not tell us about Rt? 
help you If we can (chances are good) 


PICKER X-RAY CORPORATION 
25 South Broadway, White Plains, N. Y 


if it has to do with RADIATION 
it has to do with 


Vol. 16, No. 2 - February, 1958 





HIGH PURITY RARE EARTHS 


Available in quantities at surprisingly low cost 


A few months ago, in one of these re- 
ports, we presented this table of high 
purity rare earth and yttrium oxides. 
We anticipated inquiries, of course, but 
the flood of letters requesting detailed 
information really startled us. 

What interests us particularly, and 
will you, is the fact that so many re- 
search people are intrigued with the 
practical possibilities of these unique 
materials. The large amount of research 
now being done on high purity rare 
earth oxides in a wide variety of indus- 
tries encourages us to suggest the 
likelihood that they may offer you op- 
portunities for potentially profitable in- 
vestigation. 

Already, in a little more than two 
years since rare earths in purities up to 
99.99% became available in commer- 
cial quantities, they are being used as 
basic production materials in many 
chemical and industrial operations. 


Production Up— Costs Down 


We have expanded our production fa- 
cilities to keep up with demand and 
now have more than 100 ion exchange 
columns in continuous operation. 
Quantities are large enough to assure 
you a dependable source of supply. 
Prices are low enough to make their 
use on a production basis economically 
sound. 

Most of the high purity rare earth 
and yttrium oxides are available for 
prompt deliveries in quantities of an 
ounce to hundreds of pounds. 

We can't tell you how to use high 
purity rare earths in your production 
operations, nor can we promise that one 
of them may be the missing element in 
new process or product developments 
on which you are working. We can, 
however, supply you with data which 
you will find interesting, revealing and 
quite possibly of immediate impor- 
tance to you. 


a report by LINDSAY 





TYPICAL MAXIMUM IMPURITIES IN LINDSAY PURIFIED RARE EARTH AND YTTRIUM OXIDES 





ATOMIC 
NO. 


OXIDE 


CODE 


PURITY 


% RARE EARTH MAXIMUM 
IMPURITIES AS OXIDES 








LANTHANUM OXIDE 


0.01 Pr, 0.001 Ce. 
0.0025 Pr, 0.0005 others 





CERIC OXIDE 


0.2 (largely La + Pr + Nd). 
0.1 (largely La + Pr + Nd). 





PRASEODYMIUM OXIDE 


1 La + Nd + smaller amounts of 
Ce and Sm. 
0.1 Ce + Nd. 





NEODYMIUM OXIDE 


1-4 Pr, 1-4 Sm, 0.5-1 others. 
0.1-0.4 Pr + 0.1-0.4 Sm + 0.5 others. 
0.1 (largely Pr + Sm). 





SAMARIUM OXIDE 


823 


0.2-0.7 Gd, 0.2-0.6 Eu, and 
smaller amounts of others. 
0.1 (largely Nd + Gd + Eu). 





EUROPIUM OXIDE 


1012 


1011 


1-2 Sm + smaller amounts of Nd + 
Gd + others. 
0.2 (largely Sm + Gd + Nd). 





GADOLINIUM OXIDE 


928 
929 


1 Sm + Eu + trace Tb. 
0.1 Sm + Eu + trace Tb. 





TERBIUM OXIDE 


1803 
1805 


1 Gd + Dy + Y. 
0.1 Gd + Dy + Y. 





DYSPROSIUM OXIDE 


1703 


1705 


1 (largely Ho + Y + Tb + small 
amounts of others). 
0.1 Ho + Y + traces of others. 





Ho203. 


HOLMIUM OXIDE 


1603 


1605 


1 (largely Er + 
of others). 
0.1 Er + Dy + traces of others. 


Dy + small amounts 





Er203. 


ERBIUM OXIDE 


1303 
1305 


1 Ho + Dy + traces Yb and Y. 
0.1 Ho + Tm. 





Tm203. 


THULIUM OXIDE 


1405 
1403 


0.1 Er + Yb + trace Lu. 
1 Er + Yb + trace Lu 





Yb203. 


YTTERBIUM OXIDE 


1201 
1202 


1 Er + Tm + trace Lu. 
0.1 Tm + trace Lu + Er. 





Lu20;. 


LUTETIUM OXIDE 


1503 
1505 


99 
99.9 


1 Yb + Tm + traces of others. 
0.1 Yb + Tm + traces of others. 











Y203. 


YTTRIUM OXIDE 





1112 
1115 
1116 





99 
99.9 
99.9+ 





1 Dy + Gd + traces Tb and others. 
0.1 Dy + Gd + traces Tb 
Approx. 0.05 Dy + Gd. 





For detailed information and prices, write for our bulletin 
“Purified Rare Earth and Yttrium Oxides” 


PLEASE ADDRESS INQUIRIES TO 


[LINDSAY CHEMICAL (OMPANY 


or, 


Wilds Largest Sroducer of Shoriun and Hare Carth Chemicals 


272 ANN STREET # WEST CHICAGO, ILLINOIS 
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Honeywell’sReactor Simulatorresponds 
like a low-power research type re- 
actor, and will cover a range of 0-150 
percent of reactor design power. All 
amplifiers, recorders and controlinstru- 
ments are operative, and are the same 
as those used in actual reactors. 





For realistic reactor training 
- « « Honeywell’s Reactor Simulator 


Here’s the practical approach to reactor training. This Simulator is an 
analog of a functioning reactor—complete with full-size control, recording 
and safety systems exactly like those used in current research reactor 
installations. It accurately reproduces important reactor functions, substi- 
tuting electronic response for nuclear reactions. 


In designing the Simulator, Honeywell has applied its broad experience 
in planning and manufacturing actual packaged reactor control systems. 
This experience is combined with a rigid quality standard that makes the 
Simulator a highly flexible and accurate training instrument. 


The Simulator faithfully reproduces important reactor functions, is com- 
pact and simple—offers high performance at low cost. 


Your nearby Honeywell field engineer can give you full details. Call him 
today ... he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, Wayne 
and Windrim Avenues, Philadelphia 44, Pa. 


Honeywell 
HL) Phat iw Couto 
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NEW CHALK RIVER 


FUEL ELEMENT 


IS BUILT 


TO LAST LONGER! 


SYLCOR fuel element for the new Chalk River MTR reactor is made 


of 93% 


enriched uranium-aluminum alloy clad in aluminum. 


Each of ten plates contains 14 grams of U255—a total 


charge of 140 grams in each standard element. 


Slow fuel burn-up made long life a 
major consideration in the design and 
fabrication of the fuel elements for the 
new Materials Testing Reactor recently 
built by Atomic Energy of Canada at 
Chalk River, Ontario. 

It was estimated that the elements 
would not have to be replaced for a 
long time if they were precision- 
fabricated to withstand the heat and 
corrosion factors within the reactor. 

To meet these requirements SYLCOR 
scientists and engineers developed new 
techniques of fabrication that fulfilled 
the rigid specifications of manufacture 
necessary to give the fuel elements long 
life. 

The 10 fuel plates of each 3-foot 
element are joined to their side plates 
by new precision brazing techniques, 


40 


giving the element greater over-all uni- 
form strength. The end adapter for each 
SYLCOR fuel element was machined 
from aluminum bar stock to give greater 
structural integrity than could be 
attained from conventional sand-casting 
methods. Exacting methods of manu- 
facture were employed to keep certain 
tolerances as close as + .001 of an inch. 

The recent delivery of the Chalk 
River order of SYLCOR fuel elements 
marked the first foreign shipment of 


| 


SYLVANIA— 


highly enriched fuel elements—a major 
step in the program of international co- 
operation among the world’s peaceful 
nations to explore and utilize the limit- 
less commercial uses of the atom. 

Our combined scientific, engineering 
and technical staff will be glad to help 
you solve any problems you may have 
in the application of nuclear fuel— 
whether immediate or in the planning 
stage. For information write: Sylvania- 


Corning Nuclear Corp., Bayside, N. Y. 


OR 


CORNING 
NUCLEAR CORP. 
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zirconium 
titanium 


uranium 
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another 


CANADAIR 


nucleonice 


ACHIEVEMENT 


Above 
Precision winding 
of a coil section for 
the Beta-ray Spectrometer 
constructed by CANADAIR for 
Atomic Energy of Canada Limited, 
at Chalk River, Ontario. 

{t right 


CAS8-NU 24 UST Beta-ray Spectrometer being prepared for shipment. 


Canadair’s Nuclear Division has successfully The comprehensive range and accuracy of this 
applied its engineering and development facilities to spectrometer are in large part the result of adherence 
the design and construction of the Coils for the gener- to extremely close dimensional tolerances by Canadair’s 
ation of the magnetic field in a large Beta-ray spectro- team of nuclear scientists and engineers. Moreover the 
meter recently delivered to Atomic Energy of Canada electrical insulation requirements demanded rigorous 
Limited. The spectrometer is used to determine the control of environment and workmanship. 
energy spectrum of Beta-rays emitted from radioactive 
sources. The large source area, good resolution and Canadair designs and manufactures reactors and 
high transmission of this */2, iron-free, double- their components, as well as specialised physics instru- 
focusing spectrometer provide the opportunity of ments to most exacting specifications: its nuclear 
making measurements not previously possible in the division is always available for advice on problems 


field of Beta-ray spectroscopy. and invites your enquiries. 


Nuclear Division 


Write P.O. Box 6087, ° r& A D A i 3 
Montreal, P.Q. 6: c a S—, 
for the booklet 

“CANADAIR IN THE - Aircraft - Guided Missiles - Research and Development + Nuclear Engineering 


FIELD OF NUCLEONICS”’. 








Limited, Montreal, Canada 
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Have a king-size problem in nuclear piping? 
TUBE TURNS can help you! 


The fitting shown above has the heaviest wall ever 
forged...over 4” thick... another first by Tube 
Turns. Here is another example of the broad 
experience of Tube Turns’ engineers and craftsmen : “SO orgy ga 
in the solving of problems in super-critical piping 
service. This pioneering know-how covers all 
kinds of nuclear projects... all types of piping 


metals and alloys... all sizes of fittings. 


When you bring your piping problems to Tube 


Turns, you take advantage of this experience and 


] 


leadership in nuclear piping which dates back to 


the Manhattan Project. We're at your service! Piping for this sodium-to-sodium heat exchanger in the Sodium 
Reactor Experiment, built by Atomics International, a division of 
North American Aviation, Inc., employs TUBE-TURN* Fittings 

***TUBE-TURN” and “tt” Reg. U.S. Pat. Off. for changes in direction. 


TUBE-TURN Welding Fittings ana Flanges are MADE IN U.S.A. by 


TUBE TURNS 


A Division of National Cylinder Gas Company 


LOUISVILLE 1, KENTUCKY 
Available promptly from Tube Turns’ Distributors in all principal cities 


DISTRICT OFFICES: New York + Philadelphia « Pittsburgh +» Chicago + Detroit + Atlanta « New Orleans + Houston + Midland « Dallas « Tulsa * Kansas City + Denver + Los Angeles + San Francisce + Seattle 
MADE IN CANADA by: Tube Turns of Canada Ltd., Ridgetown, Ontario + DISTRICT OFFICES : Toronto, Ontario + Ed Alberta - M I, Quebec « Vancouver, B.C. 
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A Reactor That Won’t React — To Corrosion! 


ALLOY DIVISION 


Designed for 300 psig at 450F, this reactor will be subjected to unusually corrosive 
service. Hastelloy, a non-ferrous nickel-base alloy, was specified to line the vessel. 
The ASME Code shell was first lined with narrow strips and segments by manual 
metallic-arc welding. Then the welds were covered by cap strips, heliarc-welded to 
the liner. Multiple tests confirmed the excellence of the welds. Manually welding 
so many feet of alloy called for the most skilled craftsmanship—the type of crafts- 
manship Graver has characteristically applied to alloy fabrication for years. When 
custom-crafted vessels in special alloys are the answer to your corrosion problem, 
calling in Graver assures quality fabrication, Jong life and dependable service. 


GRAVER TANK & MFG.CO.]NC. 
EAST CHICAGO, INDIANA 
New York « Philadelphia » Edge Moor, Delaware « Pittsburgh 
Detroit » Chicago » Tulsa » Sand Springs, Oklahoma « Houston 
New Orleans «Los Angeles « Fontana, California «San Francisco 
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CLEVELAND 


Reliable, Wear, Corrosion 
And Heat Resistant 


Welded HARD-FACED 
Components Produced 
to Specification 


The superior physical properties of 
Cleveland Hard Facing Components assure 
dependable long life service . . . reduce 
equipment downtime and lower mainte- 
nance costs. 


Take advantage of these outstanding 
characteristics. 


@ Corrosion Resistance — Resists most cor- 
rosive acids and oxides. 


™ High Strength — Offers high compres- 
sive strength up to 256,000 psi. Good flat 
impact and high hot strength. 


@ Wear Resistance — inherent resistance to 
wear — such as erosion, abrasives and 
cavitation-erosion. 

™ Economical—Applied only to points re- 
quiring maximum protection, Hard Facing 
gives low cost protection that increases 
component life. 


Typical Hard Faced parts include rods, valves, 
rotary blades, gears, splines, shafts, pump 
shafts, pins, rings, seals and many others. 








Cleveland Hard 


HARD FACING, INC. 


How It Is Done 


As the cross-section drawing shows, a 1/16” of the 
original base metal is removed at all points requiring 
special wear, heat or corrosion resistant properties. 
The metal is then replaced with the selected alloy 
— usually a high cobalt-chrome-tungsten type — 
using one of the following processes — Submerged 
Arc, Heliarc, Manual or Automatic Gas Welding. 


WRITE FOR COMPLETE DETAILS 


Facing, Inc. 
3047 STILLSON AVE. © CLEVELAND 5, OHIO 





Pressurizer for 


designed with stainless 








The reactor we are talking about contains a fissionable nuclear 
core through which passes thousands of gallons of water per 
minute at elevated temperature and pressure. This pressurized 
radioactive water transfers heat from the reactor core to a shell 
and-tube-type steam generator which in turn produces non- 
radioactive steam in the secondary system for power turbine 
operation. 

As power requirements change, the temperature of the primary 
water is maintained by moving neutron-absorbing reactor control 
rods in or out of the reactor. Resulting pressure and volumetric 
changes of the primary water system must be controlled, and this 
is the job of the pressurizer vessel 

When the primary system water pressure drops, high-capacity 
back-up immersion heaters at the bottom of the pressurizer go 
into action to heat the water and generate more steam and 
maintain pressure. When the primary system pressure goes up, 
water sprays inside the pressurizer are activated to collapse the 
steam bubble, thus reducing the pressure and permitting positive 
water surges from the primary system. Since the walls are alter- 
nately exposed to wetted and vaporous conditions at high tem 
peratures, a severely corrosive environment exists. Corrosion 
in this vessel could result in a hazardous level of radioactivity 
throughout the primary side of the plant. The choice of a proper 
steel to insure against this hazard was a major consideration. 
This is why the pressurizer was designed with stainless steel. 

Electric furnace and metallurgical staffs worked together to 
obtain the precise chemical composition specified. Great care 
was taken during processing in the electric furnace shop. Then, 
forge press crews, heat treaters and machinists combined skills 
to produce the finished rings, which certainly rank among the 
finest USS Quality Forgings ever produced. 

Your USS Quality Forging order makes use of the same steel- 
making facilities, the same processing equipment, and most im- 
portant: your forging is made by the same skilled workmen in 
our Homestead Forgings Division 

If you’d like to inquire about a USS Quality Forging made 
under these conditions, or if you’d like our free 32-page book!et 
on the subject, please write to United States Steel, 525 William 
Penn Place, Pittsburgh 30, Pa 


QUALITY 


heavy machinery parts...carbon, alloy, stainless 
forged steel rolls and back-up roll sleeves 
electrical and water wheel shafts 











specialty forgings of all types 
UNITED STATES STEEL 








nuclear reactor system 


steel USS Quality Forgings 











How your truth dollars 
help keep the Reds 


in the red 


e The truth dollars vou give to 
Radio Free Europe help keep -_ 
Radio 
truth on the air behind the Iron ¢ 
Curtain. A, 
And the truth is an enormous- 
ly disruptive force to the Reds. For it keeps 
their captive people thinking . .. wondering 
and less than completely dominated. 
The truth keeps needling the Reds. Breaks 
through their monopoly of lies. Keeps them 
unsure. Off balance. And thus the truth 
keeps up to forty fully armed Red divisions 
tied up policing Russia's satellite countries. 
Forty divisions, mind you, that might 
otherwise be put to more aggressive use 
elsewhere . . . and who knows where? 


Your truth dollars keep the 29 super- 


powered transmitters of the Radio Free 
Europe network on the air. . . broadcasting 
the truth behind the Iron Curtain 
every hour of every day. 

Why your truth dollars? 

Because Radio Free Europe is a private, 
non-proht organization supported by the 
voluntary contributions of American busi- 
ness and the American people. And your 
dollars are urgently needed to keep it on 
the air... to help operate its transmitters, 
pay for its equipment and supplies, and its 
scores of announcers and news analysts in 
5 languages. 

Help keep the Reds in the red. Send 
your truth dollars to Crusade for Freedom, 


care of your local postmaster. 


FREEDOM IS NOT FREE! 
Your Dollars Are Needed To Keep Radio Free Europe On The Air 


CRUSADE for FREEDOM 
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"| 88% TRANSISTORIZED 


Only 8.3 cu. ft. 

e Low power consumption—120 watts 
¢ No ventilation problems 

e Unit construction 

e Semi-portable (150 ibs.) 


VERSATILE DATA 
PRESENTATION 


¢ Oscilloscope display 

¢ Binary count manual readout 

e Accessory readout devices: photo recording 
camera, strip chart recorder, 
electric typewriter, punch tape 


BENDIX OFFERS THE CHALK RIVER 


NIUASORTER 


smallest 100-channel pulse height analyzer available 


This is the analyzer recently developed by Atomic Energy 
of Canada, Ltd. The Cincinnati Division of Bendix 
Aviation Corporation has been licensed to manufacture 
and market the analyzer in the United States. Magnetic- 
core storage is provided for 100 fixed adjacent channels, 
each having widths from 0.03 to 0.3 volts. With the 
biased-off window amplifier and a 30-volt spectrum, 
1,000-channel analysis can be performed. Average dead- 
time is 85 microseconds. Design considerations have been 


discussed in the following references: F. S. Goulding, 
““KICKSORTER DEVELOPMENTS AT CHALK RIVER” in Mults- 
channel Pulse Height Analyzers, National Research Council, 
publication 467, pgs. 86-94; F.S. Goulding, “‘soME TRANSIS- 
TOR CIRCUITS USED IN MAGNETIC CORE TYPE KICKSORTER”’, 
1956 IRE Convention Record, part 9, pgs. 76-81. 
Cincinnati Division, 3130 Wasson Rd., Cincinnati 8, Ohio. 
Export: Bendix International Division, 205 E. 42nd St., N. Y. 17, N. Y. 
Canada: Computing Devices of Canada, itd., P. O. Box 508, Ottawa, Ont. 


Cincinnati Division ye 
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A CCGCR propulsion system as it would appear in a tanker. 


PROGRESS REPORT NO. 2 


THE CLOSED-CYCLE GAS-COOLED REACTOR 
...-for nuclear propulsion 


l--TO SCREW 











at CONTAINMENT WALLS 





Ford Instrument Company is continu- 
, MAIN REDUCTION GEAR 





ing its investigations of the Closed- 
e HIGH PRESSURE TURBINE 
Cycle Gas-Cooled Reactor, “The eas 
y G p 7 LOW PRESSURE LOW PRESSURE 
Eighth Reactor Type.” Latest findings atten TURSINE 
show that the CCGCR has many attrac- ; 
tive possibilities for ship propulsion as frank 


well as for stationary power plants. Wm pea NAAN 
yi RECUPERATOR aE ar RECUPERATOR 


: 4 LOW PRESSURE 
of a ship propulsion system as visu- a COMPRESSOR 


alized by FICo. INTERCOOLER 
There are definite advantages which 


will make this plant attractive t ip HIGH PRESSURE 
I 0 shi, COMPRESSOR 


Illustrated on the right is a schematic 








operators. Among these is the drastic STEAM STEAM 
GENERATOR ALTERNATOR Y~ GENERATOR 
TO SHIP'S 
ELECTRICAL 
SYSTEM 








reduction of fuel storage facilities. This 


reduction in fuel carrying requirement TO SHIP'S ee 


STEAM LOADS STARTING STEAM LOADS 





can be reflected in additional revenue 
carrying capacity. In addition, such a 


system should offer: 


e Low Cost 
e High Thermal Efficiency 
e Maximum Safety 


e A Minimum of Moving Parts 
REACTOR 


y CONSOLE . 


CONTROL ROOM 








CONTAINMENT WALLS y 








THE CLOSED-CYCLE 
GAS-COOLED REACTOR 











Simplified Flow Diagram showing major components 


REACTOR CONTROL of ship propulsion system. 


AND INSTRUMENTATION 


SYSTEMS WRITE TO: 107 


FORD INSTRUMENT CO. 


Division of Sperry Rand Corporation 
31-10 Thomson Avenue, Long Island City 1, N. Y. 


REACTOR CONTROL 
COMPONENTS 
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SPECIFY LINDE Sapphire 


TRADE MARK 


LINDE Sapphire is... LINDE Sapphire has... LINDE Sapphire is 
Hard —Moh 9 Strength at elevated temperatures available as... 
Transparent, single crystal, pure High melting point —2040° C. Windows 

aluminum oxide Excellent IR transmission Domes 
Nonporous—0% porosity at high temperatures Rods and tubes 
Easily sealed to metals and ceramics (above 500° C.) Special shapes —to order 


Priced competitively with 
sintered materials For more information about LinpE Sapphire... Write “Crystals 
Dept. NU-2.”” LinpE Company, Division of Union Carbide Corpo- 
ration, 30 East 42nd Street, New York 17, N.Y. Jn Canada: Linde 
Company, Division of Union Carbide Canada Limited 
inde 









ENGINEERS AND SCIENTISTS interested in work- 
ing in Synthetic Crystal Sales & Develop t, contact 
Mr. A. K.S , Linde Company, 30 E. 42nd St., 
New York 17, N.Y. 





se) ite). 
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The terms “Linde” and “Union Carbide” are registered trade-marks of Union Carbede Corporation. 
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America’s 
Educational 
Challenge... 


Recent world events have focussed attention upon the 
urgent need of the United States for greater development 
of human resources through education. This country’s 
scientific and industrial supremacy has been seriously 
challenged. We must tap our mental as well as our mate- 
rial resources to an extent never before attempted if we 
are to compete with the U.S.S.R. 

Aerojet-General Nucleonics is proud of the role in edu- 
cation which it has played in the past; probably more 
nuclear engineers and scientists have operated the AGN 
201 Portable Educational and Research Reactor than 
any other reactor in existence. Typical of the educational 
institutions which have recognized America’s challenge 
are these users of AGN 201 reactors: University of Cali- 
fornia, Catholic University, Colorado State University, 
U. S. Naval Postgraduate School, Oklahoma State Uni- 
versity, University of Utah, University of Akron, and 
Texas A. & M. 

Probably the chief reason for the success of the AGN 
201 reactor has been the pioneering approach of Aerojet- 
General Nucleonics. Appreciating the need for an educa- 
tional reactor, AGN designed and built the first reactor 
entirely financed by private capital. Utilizing American 
mass production techniques for the first time in this field, 
AGN offered the first commercially available and eco- 
nomical educational reactor. AGN has also offered a 
reactor training program entirely devoid of security regu- 
lations, general enough to give participants an overall 
perspective of the nuclear reactor field, yet detailed 
enough to give an intimate knowledge of reactor theory 
and operation. This program is presented free of charge 
to educators. Already 180 faculty members of United 
States and other free world universities have attended 
this program. Special programs have been presented to 
representatives of the petroleum and railroad industries. 

But significant as these achievements have been, Aero- 
jet-General Nucleonics recognizes the need for maximum 
utilization of its own resources as one part of the national 
effort in education which must be forthcoming. We are 
confident that the United States will meet the challenge. 
We at Aerojet-General Nucleonics will endeavor to do 
our part. 


AGN reactor systems from milliwatt to multi-megawatt 
are available. Information will be furnished upon request. 


mum iryec- Genial fJucdemic CEZZE 


ORIGINATORS OF MASS PRODUCED REACTORS ~- A SUBSIDIARY OF THE AEROJET-GENERAL CORPORATION 


NEAR SAN FRANCISCO AT SAN RAMON, CALIFORNIA + TELEPHONE VERNON 7-4267 + CABLE ADDRESS: AGNU + TWX NUMBER: DANVILLE 411 
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IN THE FIELD OF RADIATION SHIELDING 
WE HAVE SERVED INDUSTRY FOR OVER 35 YEARS 
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RESEARCH REACTOR... 
first ever made of aluminum... 
for the Oak Ridge National Laboratory 

by O. G. Kelley & Company 























Ya STEEL FRAME 
PACKED LEAD WOOL 
PROTECTIVE STEEL CASING 
for LEAD GLASS 
\niew DENSITY LEAD GLASS 
SOLID LEAD FRAME 
STAINLESS STEEL TRIM 








LEAD GLASS WINDOWS 








SPENT FUEL ELEMENT CONTAINERS 














HIGH DENSITY BLOCKS 


Write for Catalogs #37E and 
#57 which outline Ameray’s 
capabilities in X-Ray and 
Nuclear protection 


radiation safety - engineered, 
by ameray 


FOR ONE OF THE NATION'S MOST MODERN 
RADIATION LABS 


This lab, upon completion, will set important inroads in handling and applying 
radioactive materials for industrial use. Ameray is furnishing and installing all 
shielding and allied equipment for this project. 

These include shielded hoods and accessories; manipulators; electrically 
operated sample turntable; periscopes; electrically-operated, concrete-filled plug 
door; electrically operated monorail systems; access plugs and sleeves; isotope 
storage vaults; electrically operated, water-cooled isotope well; sleeves 

for pneumatic tube system; lead-lined doors and frames; and lead glass windows. 
Whatever your own project requires . . . protective materials, devices or 
accessories . . . call Ameray’s experienced engineers and scientists. They will work 
out conclusions for you that will be efficient and reasonable. 


amera’ 


> VRP ORA TI 


ROUTE 46, KENVIL, N. J. DEPT. N-2 
FOXCROFT 6-4100 N. Y. PHONE: BOWLING GREEN 9-0412 
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In 1953 Pioneer joined with other groups, all report- 
ing to the Atomic Energy Commission, for constant 
study of atomic energy application. Today Pioneer 
is qualified as a consultant to industry in the 
application of atomic reactor systems to the gener- 


Organized as Central Utilities Atomic Power Asso- 
ciates, these utilities will share in the research and 
development costs: Northern States Power Co., 
Central Electric and Gas Co., Interstate Power Co., 
lowa Power and Light Co., lowa Southern Utilities 


ation of electric power. Presently, Pioneer is acting 
as architect-engineer and supervisor of construc- 
tion of the 66,000 kw commercial atomic power 
plant shown here. Allis-Chalmers Mfg. Co. is the 
prime contractor. Scheduled for 1962 completion, 
the plant, for the Northern States Power Co., will 
be known as the ‘Pathfinder’. 


Co., Madison Gas and Electric Co., Mississippi Val- 
ley Public Service Co., Northwestern Public Serv- 
ice Co., Ottertail Power Co., St. Joseph Light and 
Power Co., Wisconsin Public Service Corp. PIONEER 
SERVICE & ENGINEERING CO., 231 South La Salle 
Street, Chicago, Illinois. 


prone Emins 


WORIZONS 
ew  oowe® 


THROUGH 


ATOMIC 
PROGRESS 


On your letterhead, write 
for 40-page booklet, ‘‘Pioneering 
New Horizons in Power"’. 
Describes, illustrates Pioneer's 
engineering services, and 
corporate services, from 
financing to operation. 


231 South La Salle Street, 
Chicago, Illinois 


Sketch of “Pathfinder’’ 
commercial atomic power plant 
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THIS GLOVE SOLVES THE PROBLEM! 


IN CRITICAL “GTC X OPERATIONS 


ESTABLISHES NEW HIGH STANDARDS OF DEPENDABLE 
IMPERVIOUS PROTECTION AGAINST CONTAMINATION 


EACH GLOVE JS 
HIGH TESTED 


After all other inspections CHARCO’S NEO-SOL DRY BOX 
GLOVES EXCEED THE MOST 
RIGID REQUIREMENTS OF 
THE NUCLEAR ENERGY 
INDUSTRY AND NOW ARE IN 
absolute protective integrity CSS AY WE LARGEST 
ATOMIC ENERGY PLANTS 


wi ‘ 
PROVIDES SAFE Al 6 sein ve PERFORMANCE 
t 


and tests are completed, 
each glove must withstand 
thousands of volts of 
electricity to prove 


CHARCO “NEO-SOL" Dry Box Gloves are NOT made by the Neoprene 
Latex Coagulation Process. They are carefully manufactured of MILLED 
NEOPRENE by the Multiple-Dip Cement Method, using MOLECULAR solvent 
solutions of Neoprene. The CHARCO method yields non-porous films of 
intimate molecular structure with greater homogeneity and impermeabil- 
ity. Our Dry Box Glove Folder graphically illustrates the basic difference, 
and the superiority of gloves made of multiple-dipped milled neoprene. 


CHARCO maintains its own completely equipped and 
staffed laboratory. We welcome the opportunity 
to help solve any problems you may have 


ty Lo, SMUSTRATED FOLDER 
[ii OF DRY BOX GLOVES 


In Complete Range Of Styles CHARCO'S Expanded Plant Capacity 
To Meet Your Every Need Insures Prompt Delivery Of Orders 


Vol. 16, No. 2 - February, 1958 





CAST nuclear stainless steel 
valves and fittings now proved 
economical with superior strength 


Cooper Alloy cast nuclear-service stainless 
steel valves and fittings are saving money, 
providing greater strength in AEC-contract 
plants today. Here’s the story: 


This Cooper Alloy stainless steel fitting for nuclear 
service, here being machined, possesses a tensile > 
strength of 26,000 psi at 650°F.—20% higher than 
values specified by code. 


Cooper Alloy 16” stainless steel gate valve body 
illustrates the wide range of nuclear valves and 
fittings now being cast by Cooper Alloy for atomic * 
energy service. 





YIELD STRENGTHS: CAST vs. FORGED STAINLESS STEEL 


Cast Stainless Steel 
SA351-CF8 ...18,400 psi @ 650°F. (4) 


Forged Stainless Steel 
SA182-F8-304 ..17,900 psi @ 650°F. (1) 


Cooper Alloy Cast Stainless Steel 
ASTM351-CF8.. .. . .22-27,000 psi @ 650°F. (?) 


Q Figures represent minimum yield strengths required by 
Unfired Pressure Vessel Code, Section VIII, and 
have been calculated as follows: 


Ys = ae stress 


(2) Figures taken from tests of actual heats of material 
manufactured by Cooper Alloy for the AEC’s SPERT III 
program at Idaho Falls, Idaho (see Nucleonics, Aug. '57). 











Strength: As the figures in the accompanying chart show, 
Cooper Alloy is currently achieving what many have 
described as “‘the impossible”’: producing 304 ELC stain- 
less cast valves and fittings consistently with yield 
strengths of 22-27,000 psi at 650°F.! These superior 
physical properties are finding wide application in meet- 
ing the exacting strength and economy demands of the 
nuclear industry. 


How It’s Done: These outstanding properties have been 
achieved by utilizing skills developed through Cooper 
Alloy’s over 35 years of experience in casting stainless 
steel exclusively. In particular: e Use of proper directional 


solidification, achieved by proper mold design, plus 


foundry know-how in metal feeding, ensures a sound 
solid casting. e An exact balance of chemical composition 
develops the maximum strength characteristics inherent 
in the complex structure of stainless steel alloys. ¢ Incor- 


54 


poration of foundry considerations into valve and fitting 
designs ensures maximization of the alloy’s and the 
part’s potential. 


Quality Controls: In addition to all usual checks, such as 
100% X-ray examination and dye-penetrant surface 
testing, all components are subjected to a 6,000 psi 
hydrostatic pressure test. 


The Costs: Savings up to 40% have been achieved with 
sizes of fittings running from 8”—24’. 


Want more information? Telephone or write the Nuclear 
Division, Cooper Alloy Corporation, Hillside, N. J. 


coopER (3 ALLoy 


Corporation «+ Hillside, New Jersey 
THIRTY-FIVE YEARS OF STAINLESS STEEL PIONEERING 
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ANNOUNC/NG H&N's NEW NUCLEAR D/V/S/ON 
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Kelly McBean, Manager of H & N’s new Nuclear Division, tells 
“What We Learned on Eniwetok About 


The Strange Structures that Test Atomic Safety” 


‘To the eye, this atom age structure is little more than a bleak and 
faceless building. Yet its seemingly characterless masses of concrete 
must be meticulously designed. Nine years of continuous experience 
in the design and construction of the AEC’s Eniwetok Proving Ground, 
plus two years of exhaustive research in the States, has taught us that 
nuclear safety requires engineering concepts that are new to industrial 
design and construction, Also required is an unprecedented union of 
ecialized science with experienced engineering. Our Nuclear Divi- 
offers both, focused on the safety of industrial nuclear facilities in 
its aspects, from the nuclear characteristics of the source to the 
ntegrity of shielding and containment.” 
HOLMES & NARVER’s long experience with nuclear test facilities has 


involved massive problems in radiation shielding and blast-resistant 
construction. Although Eniwetok test data cannot be translated directly 
into industrial radiation containment concepts, the engineering method 
can—and the proof of these design methods under maximum radiation 
and maximum pressure assures more confident safety predictions. But 
confidence in safe design depends first on sure knowledge of the forces 
creating the hazard. At Eniwetok, as in your plant, this means the 
nuclear physicist and the engineer attack the radiation problem 
together. Our Nuclear Division includes a nuclear physicist who has 
specialized in reactor hazard evaluation, in all known concepts. The 
firm invites consultation on special safety problems—or the full respon- 
sibility — from plan to finished plant. 


A new booklet, "Nuclear Safety; is available upon request 


Holmes & Narver, Inc. 


828 South Figueroa Street, Los Angeles 17, California 


SERVING THE 


ATOMIC ENERGY PROGRAM SINCE 


1737 H Street NW, Washington 6, D.C. 


7948 





Nuclear-Chicago offers complete new 


nucleonic laboratory instrumentation 


More than two years’ research went into the 33 a// automatic counting systems. 


new instruments that have been added to the Nuclear- Whether you are just starting a modest radioisotope 


Chicago line now offered to the small orlargenucleonic _—_ laboratory or expanding present facilities, call on 


research laboratory. Among these high-quality ad- | Nuclear-Chicago. For complete details on the new 


vance-design instruments are many completely  Nuclear-Chicago line, write for our new Catalog ''Q”’. 


1A Model DS5-3P Scintillation Detector 
with exposed 2” x 2” sodium iodide 
crystal and 1B Mode! 132 Analyzer 
Computer for precision gamma-ray 
measurements using pulse-height dis- 
crimination techniques. 


Model DS5-5 Scintillation Well Counter 
with exclusive ‘‘scaler-spectrometer" 
circuit and 2B Model 1820 Recording 
Spectrometer for automatic quantita- 
tive energy separation of gamma-ray 
spectra. 


Model 183B Count-O-Matic Binary 
Scaler, 3B Mode! C110B Automatic 
Sample Changer with Mode! D47 Gas 
Flow Counter, and 3C Model C111B 
Printing Timer for completely auto- 
matic changing, counting, and record- 
ing of as many as 35 soft beta emitting 
radioactive samples. 











5 Model 2612P Portable Survey Meter con- 
tains a 1.4 mg/cm? thin window G-M tube 
for surveying for alpha, beta, or gamma 
contamination up to 20 milliroentgens 
per hour. 


Mode! 2586 ‘‘Cutie Pie"’ features inter- 
changeable ionization chambers for 
measuring beta, gamma, or x-radiation 
up to 250 roentgens per hour. 


Mode! 3054 Manual Sample Changer with Model DS5 Model 1620A-S Analytical Count Rate 
Scintillation Detector which features interchangeable Meter offers a wide choice of full scale 
alpha, beta, or gamma sensitive crystals connected to ranges, four time constants, wide range 
Nuclear-Chicago's finest scaler, the 4B Model 192A high voltage supply. It is shown with a 
Uitrascaler. Model 192A features decade scale of 10,000, Model D34 thin window G-M tube and 
one millivolt sensitivity, and precision automatic P11 probe for continuous monitoring or 
circuitry. analytical radioactivity determinations. 





WD wauclear- chicago 


a 


® 235 WEST ERIE STREET + CHICAGO 10, ILLINOIS 


February, 1958 - NUCLEONICS 











= 


ee ie 


ao af Key vessel for Vallecitos 
built by Paceco 


This 68 ton, 1215 P.S.I. pressure vessel for the developmental boiling water reactor at the 
General Electric Company’s Vallecitos Atomic Laboratory at Pleasanton, Calif. was designed 
and fabricated by Paceco according to specifications set by the customer. 


Paceco is designing and building many pieces of equipment within the new and challenging 
field of nuclear science. In fact, for the past 10 years, Paceco has designed and built equipment 
for almost every project of the A.E.C. as well as for the first privately financed pilot plants. 


Use this know-how! 


Consult Paceco for your equipment needs. You will find in many instances that your design 
and fabrication problems have already been solved by Paceco engineers — that Paceco is ready 
to go to work for you at a lower cost and with a higher degree of efficiency. If your needs are 
special, Paceco engineers are available to work closely with you during the planning stage as 
well as the designing and fabrication stages of your equipment. 


Call in a Paceco engineer to discuss 
your specific plans and problems — or 
request Paceco brochure “ A ”, 











“TAILORS OF STEEL" 





PACIFIC COAST ENGINEERING COMPANY 
ENGINEERS + MACHINISTS + FABRICATORS 
ALAMEDA, CALIFORNIA P.O. Drawer E + LAkehurst 2-6100 


PACIFIC COAST ENGINEERING CO., INC. 
NEW YORK 17, NEW YORK 51 East 42nd St. « OXford 7-1475 


REPRESENTATIVES 
PASADENA 8, CALIFORNIA 774 East Green St..» RYan 1-9373 
KANSAS CITY 12, MISSOURI 4706 Holly St. + PLaza 3-3737 
HOUSTON 1, TEXAS P.O. Box 1035 + MOhawk 4-3504 





Vincent Bicicchi, Pratt Engineer, standing at 
exterior door of a personnel lock for the 
Pleasanton, California atomic power plant. 


Henry Pratt engineers the... 


or to Atomic Power Plants 





The Henry Pratt Personnel Access Lock fulfills one of the most necessary 
requirements of an atomic power plant. It allows personnel to pass conveniently 
through the containment vessel to the reactor in such a way that the plant will 
fully comply with the AEC code for reactor construction. 

The design emphasizes strength and easy, fool-proof operation. The lock can 
be built to withstand any practicable pressure, with compression type or pnev- 
matic door seals. Simple operating principles increase its safety factor and in- 
clude an interlocking feature that keeps one door open when the other is closed. 
Future Developments in Access Locks now being planned include larger 
sizes to accommodate trucks, and fully automatic locks that permit manual 
operation if power fails. 

Drawing on a background of 50 years experience in supplying the power 
industry with valving, steel fabrication and special equipment, Henry Pratt has 
been a pioneer in designing and building for atomic power. 

With experience, skilled engineers and two plants equipped with large metal 
working facilities, you can look to Pratt for help in building tomorrow's power. 


See: Nuclear Power Engineering by Henry C. Schwenk, Henry Pratt Company, and Robert 
H. Shannon, United Engineers & Constructors, Inc. 344 pages, 131 ill., McGraw-Hill; 1957 


MANUFACTURERS OF 


HENRY Personnel Access Locks 


Pez 





Personnel Locks 
already installed .. . 


Two locks in the BWR of Gen- 
eral Electric's Vallecitos Atomic 
Laboratory, Pleasanton, Cal. 
Two locks in the M.I.T. Re- 
search Reactor 


Locks now 
being built . 


Three locks for the C.N.R.N. 
Reactor, Ispra, Italy 


One lock for the Enrico Fermi 
Atomic Power Plant of the 
Detroit Edison Co., Laguna 
Beach, Mich. 


Two locks for the General 
Electric Test Reactor, Valle- 
citos, Cal. 





Rubber Seat Butterfly Valves 
Turbine-Condenser Expansion Joints 
Paper Mill and Converting Equipment 





Specialized Steel Fabrication 
Henry Pratt Company, 2222 S. Halsted St., Chicago 8, Ill. Representatives in principal cities 
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Westinghouse NEUTRON 
set the industry standard 


WL-6377 Compensated lon Chamber: 
Electrical compensation—guard ring 
design. All-magnesium construction—B™” 
coated electrodes. Thermal neutron 
sensitivity: 4.0 x 10°" amps/nv. Gamma 
sensitivity: 3.0 x 10°" amps/R/hour. 
Operating thermal neutron flux range: 

2.5 x 10 to 2.5 x 10" nv. Passes Bu Ships 
40T9 for vibration and MIL-S-901 for 
shock. 


WL-6307 BF, Proportional Counter: 
All-aluminum body—enriched BF, filled 
Thermal neutron sensitivity: 
4.5 counts /neutron/cm? 
Operating range: 0.25 to 2.5 x 10 nv 
Passes MIL-STD-167 (Type 1) for 
vibration and MIL-S-901 for shock 


Thanks to its wide experience in Atomic Energy, Westing- 
house leads in the Neutron Detector field. Westinghouse 


makes a complete line of Neutron 
P 


instrumentation of reactors and critical assemblies. Produc- 
tion quantities are available. For complete technical data, 
mail the coupon today. SAMPLE ORDERS INVITED! 


you can BE SURE...1F ITS 


Westinghouse 


Electronic Tube Division, 
Vol. 16, No. 2 - February, 1958 


WL-6376 Dual-Range Fission Chamber: 
All-aluminum construction—U-235 coated 
electrodes. As a pulse counter: Thermal neutron 
sensitivity, 0.7 counts/neutron/em*; Operating 
neutron flux range, 2.5 to 2.5 x 10° nv. As an 
uncompensated ion chamber : Thermal neutron 
sensitivity, 1.4 x 10°" amps/nv; Gamma 
sensitivity, 4.2 x 10°" amps/R/hour; Operating 
range, 5 x 10° to 1 x 10*°nv. Passes MIL-STD-167 
(Type 1) for vibration and MIL-S-901 for shock. 


WL-6998 BF, Proportional Counter: 
All-aluminum body—enriched BF, filled 
Thermal neutron sensitivity: 
13 counts /neutron/cm? 
Operating range: 8 x 10% to 8 x 10° nv 
Passes MIL-STD-167 (Type 1) for 
vibration 


> 


Detectors for nuclear 


NAME. 


COMMERCIAL ENGINEERING DEPT. 
WESTINGHOUSE ELECTRIC CORPORATION 
P. O. Box 284, Elmira, N. Y. 


Please send me full information on Westinghouse Neu- 
tron Detector(s) types 


DETECTORS 


WL-6837 Uncompensated lon Chamber: 
Guard ring All-aluminum 
construction—B” coated electrodes. 
Thermal neutron sensitivity: 4.4 x 10° 
amps/nv. Gamma sensitivity: 5.0 x 10" 
amps/R/hour. Operating range: 2.5 

x 10* to 2.5 x 10*°nv. Passes 
MIL-STD-167 (Type 1) for vibration 
and MIL-S-901 for shock. 


WL-6838 High Sensitivity Proportional 

Counter: Contains four elements similar 
to WL-6998 in polyethylene moderator. 
Aluminum body 

Thermal and intermediate neutron 
sensitivity: 45 counts /neutron/cm* 

Operating range: 2.2 x 10 to 2.2 x 10° nv 
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Elmira, N. Y. 
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Inconel guards anodes refining 
boron-10 in 1400°F bath 


Now that boron-10 (extraordinary 
new neutron shielding material) is 
commercially available, the story of 
its production is being told. 

The valuable isotope is separated 
from boron-11 in an AEC-owned 
plant operated by Hooker Electro- 
chemical Company, designed and 
built by Singmaster and Breyer. 

This part of that story concerns 
itself with the final refining of boron- 
10 from potassium fluoborate inter- 
mediate. 

Hooker does this final refining 
electrolytically in a modified com- 
mercial cell drawing 500 amps at 6v. 
The cell contains a cylindrical cavity 
surrounded by graphite anodes. The 
yield...approximately 200 grams of 


boron-10...deposits on a central 
cathode. 
1400°F salt bath 
presents severe design problem 


The molten fluoborate is in admix- 
ture with fused potassium chloride 
maintained at a temperature of 
1400°F. This posed two design 
problems. 

First, a way had to be found to 
insure that cathode surfaces would 
stay smooth and free of pits and 
hence permit easy removal of the 
product. This job went to Monel* 
nickel-copper alloy. Monel alloy re- 
sists corrosion by fluorides and chlo- 
rides and has suitable conductance. 

Secondly, another metal with 
plenty of resistance to heat, thermal 


shock, and stress-corrosion was 
needed to protect the graphite anodes 
and contain the bath. This job went 
to Inconel* nickel-chromium alloy. 

As you can see above (part on 
hoist,) a wrought Inconel alloy shell 
with welded seams is used. 

Both Inco Nickel Alloys have per- 
formed well in this application... 
outlasted other metals many times 
over ... just as they can do for you 
in similar environments. 

For technical assistance with your 
own corrosion problems, call on Inco’s 
Development and Research Division. 
Do it any time. 


*Registered trademark 
The International Nickel Company, Inc. 
vn 
67 WallStreet JNCO. New York5,N.Y. 
ANCO, 


INCO NICKEL ALLOYS 
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Acceleration 


r NOW appears that, except for a very few peo- 
ple, most individuals with a significant interest 
in the future of the U. S. atomic energy program 
feel that it must be stepped up in some substan- 
in the term that has come into 
popular usage—it must be accelerated. (See p. 17.) 

(nd, although the long-awaited public state- 


tial manner or 


ment of U.S. policy objectives in atomic energy 
has not yet been issued, it is also growing clear 
that the consensus on this is that a short-term 
program must be developed that would benefit 
our foreign friends and that a slightly longer- 
term effort must now be planned that would 
bring economically competitive nuclear power to 
the U. S. in some predetermined period of time. 
Some attach a very reasonable time scale of five 
vears to the short-term effort and ten years to 
the longer one. 

The difficult chores lie immediately ahead—to 
devise a sensible program that will serve the 
policy objectives and then to determine how to 
implement the program. Although there are 
wide differences of opinion among reactor spe- 
cialists as to what kind of a technical program 
would make the most sense, these differences 
would probably be narrowed down when a clear- 
cut time scale is introduced. 

Undoubtedly the one technical area in which 
there already is the most substantial agreement 
is fuel element technology: the vital need for the 
development of better fel elements, particularly 
for water reactors. 

It is equally necessary, however, that many 
nontechnical uncertainties about the fuel cycle 
be clarified by some cleareut policy decisions. 
There are many unanswered questions that must 
be factored into the thinking of potential cus- 
tomers for power reactors, particularly foreign 


customers, but also domestic ones. Among 


other things, there is a need for: a clearcut state- 
ment of charges for the preparation, handling and 
shipping of fuel elements (before and after use) ; 
availability of insurance coverage for each of the 
foregoing; longer assurances on plutonium buy- 
back guarantees; etc. 


BR’ FAR the knottiest question and the one that 
will generate the most nonnuclear heat will 
be the basic one on how whatever program is 
devised is to be implemented. The several 
points of view on this range from the belief that 
any new reactors to be built under an accelerated 
program should be built by the government 
under a contract system with AEC calling the 
shots all the way down the line, to the belief that 
AEC should supply the money to industry with 
the latter determining how it should be spent. 

As is generally the case, what is needed is some- 
thing halfway between the two. The overriding 
influences on whatever course of action is to be 
followed are: (1) a specific objective must be 
achieved, including, in part, the building of cer- 
tain kinds of reactors, and (2) a strong and effi- 
cient nuclear industry must be fostered. 

These are not by any means contradictory re- 
quirements. The government should devise a 
plan that will give industry incentive to spend 
its own money in atomic energy and to work in a 
cost-reducing manner that will at the same time 
assure the attainment of established goals. 

Considerable sums of money are now going to 
have to be spent by the government to put the 
U. 8. in a position of unquestioned leadership in 
atomic energy. Industry recognizes the need for 
strong governmental support. It is our hope 
that this support will come and that it will pro- 
vide the basis for the development of a sound and 
vigorous U. 8. program. 





First Use of Reactor Heat for Space Heating . . . 


< 


. « « U.K. 1952 World’s first nuclear . 


space heat was provided as byproduct by British 
reactor, BEPO, to adjacent buildings 


INDUSTRIAL HEAT, as a market for the 
nuclear industry, has indications of be- 
ing a sleeping giant. If the utilization 
of nuclear energy follows the over-all 
pattern of our national consumption of 
conventional energy, we expect 
that eventually the total energy pro- 
duced by reactors in the form of heat 
for industrial purposes will overshadow 
that produced in the form of electricity. 
The fact is that of the total energy con- 
sumed in the U. S. today over 80% is 
used directly in the form of heat. 
Slightly less than 20% is used in the 
form of electrical energy. Deducting 
from this tremendous market for heat 
the large blocks that are used for space 
heating and transportation, we come 
to manufacturing, which in the U. 8. 
today consumes substantially more 
energy in the form of heat than is con- 
sumed in the generation of electrical 
power. Further, this very large mar- 
ket for heat energy is growing at a 
rapid rate. 

Industrial-heat reactors can be con- 
veniently divided into two classes ac- 
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may 


. U.S. 1954 One of 100 air-heating 
units installed at Hanford in first U. S. byproduct 
use of nuclear power for space heating 


The Outlook For 


cording to their operating tempera- 
tures: low-temperature reactors, which 
produce heat at around 400° F 
high-temperature reactors, which oper- 
ate at temperatures in the vicinity of 
1,500° F or higher. The former would 
be used mostly to supply bulk quanti- 


and 


ties of low-quality steam for manufac- 
The latter would 
tailor-made for 


turing processes. 


consist of reactors 
certain specialized chemical and metal- 


lurgical operations. 


Low-Temperature Reactors 
There is in this country a large mar- 
ket for process steam. To name a few 
of the many products using it: textile 
chlorine alkali, fertilizers 
from phosphoric acid, petroleum, anti- 


fibers, and 
biotics, pulp and paper, alumina and 
refined corn products. These 
tries use saturated steam at 50—150- 


indus- 


psig pressures for the purpose of driving 
off water from solutions to produce dry 
chemicals, or as low-temperature heat 
added to make a chemical reaction take 
place at an economical rate. Not only 


do they have a high utilization factor 
(90-95%), but load changes take place 
infrequently and ataslowrate. Regu- 
lar shutdowns for maintenance are 
scheduled for present fossil-fueled 
boilers much in the same way as would 
be required for reactors. 

From the technical point of view it 
would be quite easy for any one of the 
half dozen reactor concepts now being 
pursued to produce steam for these 
purposes. Such a reactor might be in 
the 40-60Mw(th) class and would be 
capable of generating steam in a sec- 
ondary system at 400° F and 150-250 
psi. The secondary system would be 
required for at least two reasons: (a) In 
some cases, as much as 50% of the 
steam generated is consumed in the 
process so that condensate make-up 
requirements are quite large and the 
cost of high-purity water preparation 
at these make-up rates would be pro- 
hibitive; (b) the possibility, however 
remote, of radioactive contamination in 
the product precludes the use of steam 
generated directly in the reactor. 
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Now, First Reactor for Industrial Heat . . . 


eee to, tte 
. BN ate 4 


mi 


ay 


a Norway 1958 Arrow indicates tunnel entrance to new pressurized-water reactor 


now under construction inside mountain near Halden, Norway. 
make steam for paper-pulp mill in foreground. 


facility 


Reactor heat output will be used to 
Reactor will serve primarily as experimental 


Industrial Heat Reactors 


At present the main doubt confront- 
ing low-temperature heat reactors con- 
cerns economics rather than engineer- 
ng. It is not yet clear that reactors 
can produce steam at the going indus- 
Thus, in designing a heat 

ctor the nuclear engineer will be pri- 
marily concerned with economic rather 
than technical requirements. His ulti- 
mate goal will be to arrive at a reliable 
design that yields steam for a cost in the 
of 65¢/10°® Btu or lower (see 


vicinity 
To do this it makes sense to 
of technical 
and concentrate on reducing the 
fuel below their 
ng levels electric power 


p 66 
take 1 reactor 


design 


capital 


proven 
and costs 
exist for 
plat ts 
Their proven design and relatively 
nvestment cost make the pressur- 
ized-water, boiling-water and, perhaps, 
the 


low 


organic-moderated concepts best 
The 
capital cost of a 135,000-lb/hr process- 
plant (40 Mw) must be kept 
around $2 million, including the core 
the first set of fuel elements, if the 


suited for process-steam reactors. 
steam 


and 
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economic goal of 65¢/10° Btu is to be 
attained 69 for a proposed 
design). 

The limited performance demanded 
of a low temperature industrial-heat re- 
actor will allow many economies in the 


(see p. 


engineering design. 

Thus reactor fuel elements clad in 
aluminum, rather than stainless steel 
or zirconium, should be entirely ade- 
quate. The pressure vessel, piping, 
heat exchanger and pumps in the pri- 
mary loop could be made of carbon 
steel or one of the low-alloy steels in 
In this equip- 
ment, cladding of a simple commer- 
cially feasible type might be employed 
for the primary system, but the exotic 
stainless steels employed in existing 


wide commercial use. 


reactor types would not be econom- 
ically feasible. It will also be neces- 
sary to make a substantial engineering 
effort to keep the cost of the contain- 
ment structure at a minimum, without 
compromising safety. Instrumenta- 
tion and controls of a simple and 
rugged type should be feasible and will 


be most desirable for low capital cost 
and minimum maintenance. 

In the first few applications, the 
reactor will probably work in conjunc- 
tion with two or three fossil-fuel boilers 
and the reactor operators will be 
drawn from the same class of personnel 
as the regular boiler operators. In an 
all-reactor plant, it would be necessary 
to have two or three reactors to ensure 
steam for the plant during routine shut- 
down for refueling of any one reactor. 

Because of the special nature of the 
problems encountered in shutting down, 
refueling and restarting a reactor, 
highly skilled and specially trained 
personnel will be required for the re- 
fueling operation. In the normal 
process-steam application, these people 
will only be needed for a few days once 
or twice a year. Therefore, it will be 
highly desirable to have this special 
service furnished by the reactor builder 
or a special service company set up for 
this purpose. The reactor owner could 
be billed on an annual fee basis for this 


service. (Continued on next page) 
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Many American companies now in the nuclear field are examining 
the prospects for nuclear industrial heat. But, except for a few paper 
studies and a modest research and development program being carried 
out under AEC contract, very little is being done in industry on the 
development of heat reactors. 

This was determined by NUCLEONICS in a survey of engineering and 
manufacturing concerns. 

Most of the companies indicate that they stand ready to adapt their 
existing designs of electricity-producing nuclear plants to heat produc- 
tion when applications warrant it. Although several companies felt 
that heat reactors would be competitive before electric power reactors, 
the general feeling was that the cost reduction necessary for heat reac- 
tors will come largely as a result of economies achieved on electricity 
reactors. 

Some concerns have attempted to sell the concept to user industries 
in particular to the two in which it is likely to be used first, paper and 
pulp and the chemical industries. 





High-Temperature Reactors While one can artificially divide in- 


dustrial heat reactors into high-tem- 
perature and low-temperature types, 
the practical matter is that every 
high-temperature reactor concept con- 
sidered to date produces significant 
quantities of heat at low temperatures. 
As one possible high-temperature reac- 


Unlike low-temperature reactors, 
high temperature heat reactors are 
still in their technological infancy. 
There is as yet little evidence that reac- 
tors can actually be operated at tem- 
peratures in the vicinity of 1,500° F. 
At the moment, however, the economic 
incentives for trying to build such tor concept, we can visualize a system 
Whether i which the fuel elements would be 


reactors appear very strong. 
cooled in a conventional (low-tempera- 


or not these incentives are realized will 

be answered by the future development 

of high temperature technology. 
Possible high-temperature process 


ture) manner but the core arranged to 
maximize gamma and neutron heating 
in the reflector and/or moderator. 


heat reactor applications can be cate- The reflector and moderator would be 


gorized into three groups: 
1, Processes that can make direct 





application of nuclear heat with little 


or no change. These would include, Possible Applications for High-Tem- 


for example, the thermal cracking of 
tt, perature Heat Reactors 


hydrocarbons and open-hearth manu- 
facture of stainless steel. 
2. Processes that will require some 
modifications in order to utilize nuclear q. snl ti f 
a: nae Sintering or casting o 
at. Suc ( vf s § rive , 
heat. Such modification may give anh 3. 000-6,000 


Process or product Temperature 


the resultant process advantages over Nitrogen fixation, Cott- 
the existing process. The majority of rell process 3.700-4,000 
the possible applications listed in the Carbides and graphite 3,600-4,000 
table fall into this group. Fused silicon, fused 

3. Processes that will requiré com- quartz, ete. 3,100—-3,300 
plete development. Such processes Ceramics and refractory 

brick 3,000 
Open-hearth stainless 

steels 3,000 


might be any that produce mate- 
rials which consume large quantities 
of energy in manufacture but which are ‘ J 

. , Glass 2,600 
not necessarily produced at high tem- ‘ pa 

Tl : Cement 2,000 

peratures. Lhe t a _ uction Of Goa] gasification 2,500 
magnesium or the distillation purifica- Copper smelting 2 000-3,000 
tion of sodium are possible examples. Wulff process for acety- 

The table lists a number of potential lene 1,800-2,400 
high-temperature-reactor applications. Direct reduction of iron 
In developing this list no significance ore 
was attached to the present or future Cracking of hydrocar- 

. cone ' 99 
economic practicality of such reactor ates ‘ 1,500 apt 

arr 1p wer : ame nit 1,500-2,000 

applications. The only criterion for (M6 °0Urmne : ‘ 
‘ ‘ : Thermal production of 
inclusion was that the process requires 

é il gil sodium or magnesium 
heat ia a temperature in excess Of  petorting of oil shale 
1,500° F. 
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thermally insulated from the fuel and 
primary coolant, and cooled by a sec- 
ond coolant. The secondary or re- 
flector coolant would leave the reactor 
core at high temperatures while the 
primary or fuel coolant would leave the 
core at relatively low temperatures. 

Such an arrangement might, of 
necessity, be resorted to where the high- 
temperature heat would be required in 
an open cycle system and where the 
coolant must be uncontaminated by 
fission products. Preliminary calcula- 
tions on such a concept indicate that 
the amount of high-temperature heat 
generated would be only approximately 
10% of the total heat generated. The 
greatest proportion possible is 14%. 

A more refined consideration of pos- 
sible applications of high-temperature 
reactors must take into account a num- 
ber of the rather unique attributes and 
characteristics of such reactors. For 
example, at operating temperatures 
now postulated (>2,500° F) the con- 
tainment of fission products within a 
fuel element becomes almost impossi- 
ble. At these temperatures the volatil- 
ity of fission products interstitially 
retained or otherwise absorbed becomes 
high. Even without cladding failure, 
diffusion of fission products through 
the cladding can be expected. There- 
fore, the coolant in contact with the fuel 
elements will be as radioactive as the 
circulating fuel in a homogeneous reac- 
tor. This means that the process 
stream cannot be directly heated with 
the reactor fuel unless radioactive con- 
tamination:of the process stream can 
be tolerated. 

The materials problem is by far 
the most difficult and critical of the 
problems faced in developing high tem- 
perature reactors. At high tempera- 
tures, erosion and corrosion of mate- 
rials are accelerated. Thermal stresses 
usually exceed the limits of the mate- 
rials when the mechanical components 
are designed to withstand operating 
pressures. In fact, the only consoling 
feature apparent today is that radiation 
damage is not significant because, at 
the temperatures involved, the induced 
radiation damage stresses are con- 


tinuously annealed. 


” * * 


The section on low-temperature heat reac- 
tors is based on a paper presented by Edward 
L. Heller (H. K. Ferguson Co.) at the October 
1957 meeting of the Atomic Industrial 
Forum in New York City. The remainder is 
from a manuscript by J. F. Kaufman and D. 
Stewart (U. 8S. AEC, Washington, D. C.). 
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AEC’s Industrial-Heat Program 


By J. F. KAUFMANN and D. H. STEWART, Jr., 


Division of Reactor Development, U. S. Atomic Energy Commission, Washington, D. C. 


AEC’s THIRD INVITATION under its power demonstration 
reactor program provides the possibility of giving process- 
heat reactors the same support available to reactors used 
to generate electric power—preconstruction research and 
development, waiver of fuel use charge and postconstruc- 
tion research and development. 

Apart from this general support, the AEC, in its own 
research work, has emphasized the development of high- 
rather than low-temperature process heat reactors. The 
reason is that, technologically, low-temperature heat 
reactors can be built today and furthermore experience 
with electric-power reactors will be directly applicable to 
low-temperature reactors. On the other hand, develop- 
ment of high-temperature units presents many technologi- 
eal unknowns. Moreover, the cost of developing high- 
temperature process-heat reactors is very much beyond 
the means of the likely consuming industries. In most 
of these industries the heat consumed represents only a 
small portion of the cost of producing the end product, and 
the total high-temperature process heat consumed per 
plant is generally less than 50 Mw. Engaging in a costly 
reactor-development effort in addition to developing a new 
chemical process (especially when there is no patent ad- 
vantage) is hard to justify to a board of directors. 


High-Temperature Test Reactor 


It is expected that process-heat reactors when built 
will be designed and engineered for a specific chemical or 
metallurgical process. Selection of materials of construc- 
tion, fuel composition, coolant arrangement, etc., will be 
based upon process parameters, and each process-heat 
reactor (at least for the first or second generation of reac- 
tors) will be a unique machine. As a consequence, the 
development effort within the AEC is directed toward the 
general rather than the specific. Emphasis is therefore 
being placed on the development of a high-temperature 
test reactor (HTTR) rather than a specific process-heat 
reactor. A conceptual design study of such a test reactor 
was made by Nuclear Development Corporation of 
America for the AEC last year. However, the design 
limited the test section to a single large helium loop. 

As presently visualized, the HTTR will be a more typical 
engineering test reactor. One possible design consists of 
four or five loosely coupled two-region cores. Each of 
these cores in turn consists of an annular fuel array with a 
center region at high temperature, thermally insulated 
from the surrounding low-temperature region. Each core 
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is designed to test a specific coolant and its effect on 
various fuel materials and configurations. The high- 
temperature coolants receiving consideration at present 
are all gases and include the noble gases He, A, etc., as 
well as steam, CO, and CO, nitrogen and gir. Design of 
the reactor is being held up until loop experiments demon- 
strate the practicality of containing and circulating the 
coolants at the temperatures and pressures of interest. 


Coal Gasification 

Of the high-temperature coolants, helium has received 
the closest study to date. Interest in helium arose because 
of work done by the Bureau of Mines on coal gasification.* 
The conventional process produces gas by burning 
coal at high temperature (2,500° F) with relatively pure 
oxygen in the presence of steam. Based upon coal at $4 
and oxygen at $6/ton, the heat used in the process costs 
about $1.20/10° Btu. Nuclear fuel would cost $0.26 
per million Btu (based upon U** at $17/gm). 

A nuclear reactor might then provide competitive heat 
for synthetic fuel production by passing a mixture of steam 
and powdered coal through a reactor to give ‘water gas” 


HO +C—+CO+H, 


However, radioactive contamination of the process gas 
and the possible poisoning of the reactor by sulfur and 
other deleterious components of coal require the use of 
an intermediate heat-transfer fluid in a closed-cycle system. 

A cooperative work-and-study program between the 
Bureau of Mines and the AEC was started more than a 
year ago with emphasis being placed upon the development 
of a high-temperature helium test loop. As an initial step 
a small loop was constructed at the Morgantown Experi- 
ment Station. This is being followed by a larger loop 
that will continuously circulate helium under 2,006 psi pres- 
sure through an induction heater. In the heater the 
helium temperature will be raised to approximately 
2500° F. From there it will flow to a heat exchanger 
where it will give up its heat to air. The cooled helium 
(1500° F) will then be returned by a circulating blower to 
the induction heater. 

The mere assembly and successful operation of the test 
loop will represent a significant accomplishment. Each 
component of the loop, from the piping to the measuring 
instruments, is a development item never built before. 


* Bureau of Mines Report R-1 4564 (1949). 
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The Market for Heat Reactors 


By KARL M. MAYER Nuclear Products—Erco Division of ACF Industries, Inc., Washington, D. C. 


A RECENT MARKET ANALYsIS of the 
heat consumed in the 460 industries 
recognized by the Census Bureau led 
to these conclusions about the potential 
industrial heat market in the United 
States: 

© Based on estimates of future growth 
of the gross national product, the total 
consumption of industrial heat is ex- 
pected to rise from 10 X 10" Btu to 
about 14 X< 10'® Btu per year between 
1957 and 1967. 

eDuring the same period at least 
10.4 X 10% Btu/year additional ca- 
pacity will be added in the form of 
steam units that generate heat at a cost 
of more than 60¢/10° Btu. Innuclear 
terms this would be equivalent to build- 
ing seventy 100 Mw/(th) reactors each 
year (assuming the reactors operate at 
a 50% plant factor). 

© Industrial heat equipment sales dur- 
ing this period will include a relatively 
large number of units (see Fig. 1) with 
capacities around 250,000 pounds of 
steam per hour [80 Mw/(th)] and 
with operating steam pressures below 
250 psi serving manufacturing centers 
mostly in the northeastern United 
States. 

e There is a definite market in the low- 
temperature industrial heat field for a 
40-60 Mw reactor that takes less than 
two years to build and can supply heat 
at 65¢/10° Btu [equivalent to about an 
8-mills/kwh(e) power cost for an elec- 
tric power reactor]. 


Heat Costs 

The table gives the yearly consump- 
tion for seven industries that use a total 
of 89 % of the industrial heat consumed 
in the U. S. In the long run, nuclear 
heat will become competitive with fos- 
sil fuels in most of these industries 
for the same reasons that nuclear 
electric power will eventually become 
competitive. 

An effort was made in the market 
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study to estimate the amount of heat 
produced in the U. §. 
Calculations were made of the 


at various cost 
levels. 
total cost of steam generated by each 
of 1376 new boilers. A plant operating 
and investment cost of 25¢/10° Btu and 
the average 1954 fuel price for the 
state involved were assumed for each 
unit. The results are shown by the 
diagonal-line bars in Fig. 2. 

If we take the value predicted above 
for the total new plant capacity that 
will be built during the next ten years 
and assume that it will have this same 
cost distribution, then we arrive at a 
projected market for each cost level in 
the period 1957-1967. This market is 
indicated by the gray bars in Fig. 2. 

The projected market calculated in 
this way will be conservative as far as 
nuclear sales are concerned for a num- 
ber of reasons. First of all only new 
represented—replacement 
units have not Also 
not taken into account is any possi- 
fuel 
years. If 


capacity is 
been included. 


ble rise in conventional costs 


over the next ten indi- 
vidual plant fuel cost data had been 
used instead of state averages, the dis- 
tribution in Fig. 
more spread out. 


2 would have been 
(The dotted bars in 





Nonpower Heat Consumed* 


iy + 
% Gj 


Industry 10° Btu total 
2,962,581 32.8 
1,843,078 20.! 
958,772 10.6 
839,996 9.% 
689,377 7 
493,909 5 
232,903 2.6 


Primary metals 
Petroleum and coal 
Chemical and allied 
Stone, clay & glass 
Food & kindred prod. 
Paper « allied prod. 
Machinery 


8,020,616 
9,009,179 


89.0 
100.0 


Total (above) 
National total (1954) 


* By seven largest users in 1954. 





Fig. 2 show the cost distribution ex- 
pected for individual plant data.) 

Nevertheless even this overly con- 
servative picture of the market pre- 
dicts that there will be some demand 
for heat units operating above 70¢/10® 
Btu and a substantial demand in the 
60-70¢/10° Bturange. There isa hope 
that moderate-size [40-100 Mw/(th)] 
“economy” versions of present-day 
reactors could compete at these cost 
levels (see p. 69). 


What Size Heat Units? 

Granted a large potential market 
exists for industrial heat units oper- 
ating at a cost that might be met by 
heat reactors in the 60 Mw(th)-size 
class, there is still the question whether 
industry can use units as large as this. 
Again we turn to a survey of existing 
units to provide clues for future de- 
mand. An analysis of the sizes of 
11,841 boilers sold in the United States 
1945 and 
facturing industries, (b) utilities and 


between 1957 to (a) manu- 
(c) all others (hospitals, schools, etc.) 
is summarized in Fig, 1. 

Most of the boilers sold to the manu- 
facturing industries are indeed, “‘small” 
by utility standards—more than half 
of the industrial boilers have a continu- 
ous steam capacity of less than 40,000 
lb/hr [~10 Mw(th)]. 

On the other hand, during the period 
of the study, manufacturing industries 
bought over 1,000 units with steam 
capacities of 100,000-500,000 lb/hr 
(~30-170 Mw/(th)). Moreover the 
trend for the future will definitely be 
in the direction of larger rather than 
smaller units. 


Economic Problems 

The economic opportunity for indus- 
trial heat reactors can be summed up 
by the observation that there appears 
to be a not insignificant market in this 
country open to anyone who can build 
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FIG. 1. 
1945 and 1957. 


at possibilities of industrial heat 





reactors in sizes below 100 Mw(th) that 
produce steam at about 65¢/10° 

Btu. Why, then, have reactor builders 
so far failed to get beyond the pencil 
design stage in this potentially lucra- 
t field? One reason is that building 
1 reactor to produce 65¢ steam is not 
going to be easy todo. This cost level 
s equivalent to a power cost for a reac- 
roducing electricity (at. 25% effi- 

of roughly 8 mills/kwh(e)— 

ibout the same as the cost of conven- 
tional ele 
In reaching this goal, the industrial 
neat reactor 1s handicaped compared 


tric power. 


reactor because of its 
unlike 


th a utility 
size. On the other hand, 


the utility reactor which must strain 

temperature and pressure limits to get 

the 25% efficiency quoted above, the 

reactor can enjoy the economic 

intages of more relaxed steam 
tions 

The fact is, however, that no reactor 

et been put together in the U. S. 

that delivers any kind of steam for a 


low as 65¢/10° Btu. Although 
s definite hope that this can be 
69) potential investors 
vill be hard to convince until there has 


cost as 
there 


yneé see p. 


been an actual demonstration. Still, 
this does not explain why reactor com- 
unies have chosen to be so predomi- 
itely active in the utility field where, 


ut first glance, the chances for profit 
are not that much larger. One answer 
is that the basic nature of the industrial 
heat market makes it more difficult for 
reactor builders, first, to locate profit- 
ible applications and, then, to sell the 
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Distribution in size of 11,841 boilers sold in U. S. between 
Equivalent reactor sizes are given at top of figure. 
Although most units sold are small in size, substantial number are in 
size range (30 Mw and up) of interest tc reactor builders now looking 














years. 





idea to the potential industrial user. 

The industrial heat market is much 
more complex than the power market 
from the viewpoint of the economic 
analyst. The ‘“‘end product” of the 
power industry is uniform; the ratio of 
heat input to product output is more 
easily studied; the ratios of heat cost to 
value of product made are well known; 
the number of plants in the industry is 
relatively small; the production process 
is relatively uniform; the capital struc- 
ture is relatively uniform throughout 
the industry, etc. 

Census statistics have shown us that 
a nation-wide heat-reactor market can 
be anticipated. It is a different story 
to try and locate the individual manu- 
facturing plants that can use these re- 
actors. the census data 
merely to decide on a list of ‘most 
likely” or ‘‘most unlikely” industries 
turns out to be a hopeless task. A 
long list of possible criteria can be made 
to judge the relative likelihood of vari- 
ous industries. Besides the ones al- 
ready mentioned these might include 
such things as the fraction of product 
cost attributable to process heat, the 
plant requirements for both power and 


Even using 


non-power heat, and so on. 

Although one can conceivably rank 
all 460 industries according to each of 
a number of valid criteria, it is impossi- 
ble to incorporate all this into a final 
selection because the relative impor- 
tance of the various criteria are not 
known. This complexity of the indus- 
trial heat market has certainly tended 
to discourage people from looking at 





















FIG. 2. Lined bars show distribution of heat cost for 1,376 
existing boilers. Based on this distribution, gray bars show 
estimated market for new capacity each year for next ten 
Dashed bars show market potential if actual! rather than 
state average fuel cost data had been used 








the heat field (in as much detail as the 
power field) as a potential market for 
nuclear energy. 

Much more market re- 
search remains to be done. A major 
share of this task might well take the 
form of cooperative studies between 
potential buyers and sellers of nuclear 
heating equipment. 

The fact that the field is made up of 
a great number of small users in highly 
diversified activities creates other prob- 
lems* as well. Long-term financing, 
prevalent in the utility business, is not 
found in many industries likely to use 
process-heat reactors. In chemical 
industries, for example, a 30% return 
on invested capital is generally desired. 
Few industrial companies make plans 
for plants that take more than two 
years to build. Finally, companies 
tend to be frightened away by present 
safety, insurance, and operating re- 
quirements. Thus, it seemsf the risk 
for the construction of the first plant 
will fall squarely on the reactor designer 
and manufacturer, unless he can de- 
velop some workable method of sharing 
it with the AEC. The risk, involved, 
however, is limited to $1-—2-million, 
well below that for a large electric 
utility plant. If the manufacturer is 
successful, he has immediately avail- 
able a very substantial market for 
identical reactors in the U. S. 


intensive 





* Suggested by D. Stewart and J. Kauf- 
mann, AEC, Washington, D. C. 

t Edward L. Heller, Meeting of the 
Atomic Industrial Forum, Paper No, 
57-AIF-4 (1957). 
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REPORT _. 


Nuclear Heat for Paper Mills? 


By GEORGE PERAZICH* 


THE PAPER and pulp industry would 
appear to be a likely customer for 
nuclear process steam. A first look 
shows that the heat needs in this in- 
dustry might well be satisfied by the 
use of heat The 
demands for heat energy in this area 
are already large (about $180-million 
in 1956) and are rapidly 
larger. Not trend to 
the use of heat units in the reactor-size 


reactors. over-all 


be¢ oming 
only is there a 
range but the units are operated at a 
high load factor and are being located 
more and more in remote regions where 
the price of conventional fuel is high 


Heat Consumption 


Pulp, paper and paper-board mills 
consume about 80% of the total energy 
used by the paper industry. In 1956 
U.S. pulp mills used about 170 x 10% 
Btu for process heat at a cost of $55 
million. This comes to roughly 8 lb 
of coal or 100,000 Btu of heat for each 
dollar’s worth of pulp output. For the 
same year the fabrication of pulp into 
paper and paper board used up 310 
10'2 Btu of process steam at a cost of 
$100 million to produce a $4-billion 
gross product. Roughly 54 of this 
heat is used for drying the sheets as 
they leave the paper making machines. 
This amounts to 80,000 Btu per dollar’s 
worth of paper. In addition consider- 
able sums were spent for electric power. 


Unit Size 


The average pulp and paper mill 
requires a heat unit of less than 20 
*Mw(th). But there are many mills, 
including some located in high-fuel- 
cost regions, that use heat-generating 
units several times larger. We have 
estimated that each of the five largest 
pulp mills consumed an 
nearly 3 X 10" Btu of process heat in 
Wash- 


* Present Appress: Galaxy Inc., 


ington, D. C. 
68 


average of 


1954. If they operated at 90% ca- 
pecity (a realistic figure for this indus- 
try), each could use a reactor of about 
100-Mw(th) capacity. Where 
must be locally generated, perhaps as 
much as 5 X 10%? Btu of energy could 
be used by each of these mills. Simi- 


power 


larly the eighteen largest paper and 
paper board mills could also use heat- 
generating units of about 90 Mw/(th). 


Heat Costs 

The price paid by individual mills 
for conventional fuel varies strongly 
with geographical location. According 
to census estimates, the average price 
paid by pulp and paper mills in 1956 for 
commercial fuels was close to 32¢/10' 
Btu. This price, however, is lower for 
mills in the south that burn natural gas 
and oil; it is much higher for mills in 
the New England and Great Lakes 
regions that use high cost coal. We 
estimate that in 1956 the average fuel 
cost to New England pulp and paper 
mill operators was close to 50¢/10° Btu, 
and to those located in Wisconsin, 
Michigan and other Great Lakes re- 
gions about 40¢/10° Btu. 
averages, then, depending on location 


Given thes« 


and on the type of transportation facili- 
ties available, some mills must pay as 
high as 75¢/10° Btu. 

A figure for the total cost of process 
heat in this industry can be had by 
adding to the fuel 
charges for operation and return on in- 


costs estimated 


vestment. We can assume an operat- 
ing charge of 0.6 mills/kwh(th). <A 
steam boiler of 100,000 kw(th) capacity 
can be installed for $25/kw(th) which, 
using a plant factor of 90% and an 
annual charge of 15%, gives a fixed 
investment cost of 0.5 mills/kwh(th). 
Since a fuel cost of 30¢/10° Btu corre- 
sponds to 1 mill/kw(th), then a unit 
burning fuel at this price would have 
a total heat cost of about 2 mills 
kwh(th); at 60¢/10° Btu the cost would 


The National Planning Association, Washington, D. C. 


be 3 mills/kwh(th) and so forth. 

To get an idea at what fuel-cost level 
nuclear reactors could compete let us 
assume the same operating cost for the 
nuclear plant and arbitrarily set the 
nuclear fuel cost at 0.7 mills/kwh(th).* 
30¢/10° Btu fuel then, 
heat could compete if the 
nuclear plant could be built for 
$40/kw(th); at 60¢/10° Btu the in- 
could $90 
These costs are very nearly 


For a cost, 


nuclear 


vestment be as high as 
kw/(th). 
in range with those of electric power 
reactors today. For in- 
stance, EBWR is now operating at 
50 Mw/(th) and cost $4.6 million which 
gives a unit investment of $92/kw/(th). 


operating 


Potential Market 

The high rate of expansion of the 
pulp and paper industry is especially 
encouraging for nuclear energy. Be- 
tween 1947 and 1954 the value of pulp 
board) 
increased 60% and 


and paper (including 
outputs in the U. 8. 


°0 OF 
09% 


paper 
respectively. This corresponds 
to an annual increase in energy con- 
sumption of 24  10'* Btu which in 
turn is equivalent to the energy output 
of eight 100-Mw(th) reactors. Of 
course not all of this increased capacity 
is built in the form of large units or in 
high-fuel-cost However the 
trend in the industry is distinctly in 
both of Conven- 
tional heating units of reactor size are 


regi ns. 


these directions. 
becoming increasingly more popular. 
Like other extractive industries, the 
paper and pulp mills are being forced 
to more remote locations for raw mate- 
rials as the more convenient sources 
become depleted. 
* . + 

Based in part on a forthcoming report, 

** Nuclear Process Heat in Industry’ by The 


National Planning W ashing- 
ton, D. C. 


Association, 


* This would correspond to 2.8-3.5 mills/ 
kwh(e) for a nuclear electric plant. 
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CONCEPTUAL NUCLEAR STEAM plant produces industrial steam at competitive cost 


ESTIMATED CAPITAL COSTS 





Cost (10°8) 


Item 





Reactor, shield and insulation 79 
First core and blanket 193 
Steam generators and pressurizer 197 
Pumps and valves 146 
Instruments and control drives 131 
Water-treatment system 42 
Miscellaneous equipment 63 
Containment 150 
Control building 20 
Construction labor 170 


Site development S4 
200 
293 


$1,768 = $44/kw(th) 


Engineering & overhead 
Undistributed 
Total 


A Low-Cost Heat Reactor 


THE HEAT REACTOR shown in the 
artist’s conception above is an all-pur- 
pose low-pressure steam-generating 
unit designed to be competitive with 
conventional units operating at fuel 
costs of 65¢/10° Btu or higher.* A 
pressurized-water reactor, it produces 
135,000 lb/hr of 150-psig saturated 
steam (about 40 Mw reactor heat out- 
put). The reactor core uses 10 kg of 
fully enriched U2** and would last about 
with a 30% burnup. A 
blanket with 1.7 tons of natural UO, is 
proposed, having a life of about 5,000 
Mwd/ton With aluminum cr possibly 
aluminum-nickel alloy cladding, a 
water temperature of 450° F in the 
primary loop can be maintained with- 
out danger of excessive corrosion. 
Economy is attained by producing 1- 
1.25 times as much heat in the blanket 
as is produced in the fuel elements. 
To minimize cost, carbon steel and 
aluminum are used extensively as 
structural materials, stainless steel is 
The fuel ele- 
ments are the aluminum-clad MTR 
type; the blanket is formed of alumi- 
num tubes containing UO, pellets. 
Standard components and off-the-shelf 
items such as pumps, valves, steam 
generators, and pressurizers, are speci- 


6 months 


used as little as possible. 


* Designed by Bell Nucleonics division, 
Bell Aircraft Corp., Buffalo, N. Y. The 
division has since been disbanded. 
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fied where their reliability is a proven 
fact and their cost moderate. 

The reactor vessel is made of carbon 
steel, internally clad with stainless 
steel, and measuring 4.5 ft i.d. by 11.5 ft 
high. Control-rod drives are mounted 
on the removable, bolted, flanged head. 

To provide safe operating conditions 


during the replacement of fuel or blan- ° 


ket elements, the reactor will be located 
in a concrete pit under 20 ft of water. 


Plant Operation 

Operation of the plant will be fully 
automatic. The reactor control will 
be a semistandard unit, actuated by 
primary-water temperature in normal 
operation. Water temperature will be 
set to control the reactivity level, which 
in turn will actuate the control rods to 
hold the power level of the reactor at 
the required point. For startup, the 
operator would push the start button 
to actuate the equipment. Retraction 
of the control rods that start the reac- 
tor, would be under automatic control 
to hold the rate of change of reactivity 
within safe limits until the steam flow is 
up to the required rate. For normal 
shutdown, or a reduction of load, the 
reactor would automatically respond 
to the change in load or shut the reactor 
down as required. Should an emer- 
gency exist, a “‘scram”’ button will pro- 
duce instant shutdown. 


Heat Costs 


The operating costs for the 135,000- 
lb/hr unit are estimated to be 30.6¢/10° 
Btu for fuel and 21.2¢/10° Btu for 
labor, depreciation and miscellaneous 
expenses. This 51.8¢/10° 
Btu, less a Pu credit of 7.1¢/10° Btu, 
giving a net operating cost of 44.7¢/10° 
Btu (100% load factor). On a cost-of 
steam basis, this is competitive with 
about $10 coal at 90% load factor and 
8¢ oil. There is not too much change 
for other loads. However, the capital 
cost of the nuclear unit is higher than 
the comparable sizes of fossil fuel gener- 
ators. A breakdown on this figure is 
given in the table. 

If we assume that a 135,000-lb/hr 
coal-burning unit costs $1,200,000, the 
extra capital cost of the nuclear plant’ 
would be $568,000. The savings in 
operating cost of the nuclear plant 
against 65¢ steam is $155,600/yr with- 
out Pu credit or $240,100 with Pu 
credit. That would pay off the addi- 
tional capital cost in 3.6 yr without Pu 
credit or 2.36 yr with it. That is an 
exceptionally good return for this type 
of capital investment. 


comes to 


* * * 


This article is based in part on a paper 
presented by Edward L. Heller and Deane O. 
Hubbard at the annual meeting of the Ameri- 
can Institute of Chemical Engineers (1957). 
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CONSTRUCTION PROGRESS on Norway’s heat reactor is documented by views before and after 
pouring of concrete shield. Additional protection was afforded by building reactor inside of 
mountain near city of Halden. Norwegian concerns have all major work contracts 


eat Reactor Prospects Abroad 


If heat reactors look promising for the U. 8., they look even 
more promising for foreign countries. Fuel prices are 
generally higher (sometimes by a factor of two or three) 
than prices on the U. 8. east coast. In addition, a given 
reactor plant can usually be built and financed in a foreign 
country at a smaller investment charge (for instance, 
capital costs are about 50% higher in the U. 8. than they 
are in England). It seems likely, therefore, that foreign 
countries (probably in western Europe) will be the world’s 
first proving ground for practical heat reactors. 


‘Norway 


Norway’s Halden reactor (see figures above and NU, 
Jan. ’58, 21), when it goes critical this year, will be the 
world’s first reactor to use its heat output to supply steam 
for an industrial plant. The 20-Mw/(th) boiling-water unit 
will deliver 482° F 588-psi steam to a nearby paper and 
pulp plant. The primary function of the reactor, however, 
will be to serve as an experimental facility (among other 
things the Norwegians plan to use it to develop a ship- 
propulsion reactor). Thus nuclear steam will supplied on 
an intermittent basis depending on the experimental pro- 
gram. Operating under these conditions Halden will 
not be able to pay its way as a steam reactor; however, 
there will be a chance to collect cost data and operating 
experience, 
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Sweden 

Sweden is looking forward to the construction of a reac- 
tor that will supply space heating for the city of Visterds. 
The 100-Mw(th) reactor will deliver 120° C steam to an 
existing central-heating network in parallel with conven- 
tional boilers operated by the State Power Board, This 
agency will build and operate the reactor and sell the 
nuclear heat to the city. By the early 1960’s it is ex- 
pected that the reactor will furnish half of Vasterds’ cen- 
tral heat. With a construction cost of $10 million and 
10% annual capital charge, the nuclear steam will be 
competitive with ordinary steam; if the charge were 15% 
the nuclear steam could not compete. 

The Visteras reactor (see figure and table of character- 
istics) will be a pressurized-water type using D.O in 
the primary system and H,O in the secondary. Design 
parameters are listed in the table. A temperature dif- 
ference of 30-35° F between the heavy water and light 
water is taken in order to save heavy water in the heat 
exchangers. 

With so moderate a coolant temperature as 140° C it is 
not necessary to provide for a heavy-water pressure of 
more than about 8 atm. With such a low pressure it is 
possible to have a pressure vessel with a very moderate 
wall thickness. Consequently, the best design is not to 
use special pressure tubes as in the high-pressure power 
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reactor* but a pressure vessel. The water enters the 
reactor vessel from above, moves down and enters the 
tubes around the fuel elements in their lower ends, moves 
upwards in these tubes and collects in a special pressure 
vessel at the top of the reactor vessel and goes from there 
to the heat exchanger. The tubes are made so that they 
can be easily exchanged from above. 

The simplest design would be to use a reflector of heavy 
water about 35 cm thick. However, as this would be 
comparatively expensive, the design shown has a graphite 
reflector inside the pressure vessel. The core with the 
moderator of heavy water is included in an aluminium 
vessel. The moderator and reflector spaces are at same 
pressure. In reality the CO: gas which is used to cool 
the reflector graphite keeps the pressure above the water 
in the expansion vessel. 

Fabrication of components will start this year with some 
parts already on order at Allmanna Svenska Elektriska 
Aktiebolaget. Startup is scheduled for the end of 1960. 
Besides this one, ASEA is looking at plans for two more 
heat reactors. 


* R. Liljeblad, nucteontcs 16, No. 11, 165 (1957). 


Britain 

On the other side of the picture, the British, who have 
a vigorous nuclear electric program, have shown little 
interest to date in nuclear industrial heat. According to 
the Ministry of Power, no British industry or firm is 
“actively” considering this application of nuclear energy. 
Major industrial heat consumers, such as Imperial Chemi- 
cal Industries, have uniformly limited themselves to pre- 
liminary studies. The Central Electricity Authority, 
which operates the British power reactors, says that it has 
no plans for using heat from its plants, even as a by- 
product. The Atomic Energy Authority admits to having 
no program for heat reactors. The general feeling of the 
British is that the capital investment for heat reactors of 
useful size would be too high. 

A good reason for British attitude is that, at the mo- 
ment, British experience is limited to gas-cooled, graphite 
designs. These reactors, compared with water reactors, 
are more expensive to build and, therefore, less suited to 
heat-reactor applications. 

* * * 


The Swedish reactor description was based on material from 
Ragnar Liljeblad, A. S. E. A., Vasteras, Sweden. 





Engineering Design Information for Sweden’s Space-Heat Reactor 
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LAYOUT of D2O core and graphite reflector 
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Total heat power 
UO, 
D,O in the reactor 
D,O total 
Reflector graphite 
Fuel elements 
Number 
Number of bars in one element 
Diameter of the bars 
Al canning 
Length of bars 
Specific heat power 
Average value, total 
Average, central element 
Heat load at canning surface 
Average value, total 
Average, central element 
Maximum, central element 
Maximum can temperature : °C 
Cooling system 
Quantity of D,O circulating 
Water velocity (central element) 
Number of separate circuits 
Operations pressure 
Pressure drops 
In heat exchanger 
In pipes 
In reactor 
Total 
Temperatures 
Incoming D,O 
Outgoing D,O 
Incoming H,O 
Outgoing H,O 
Circulation pumps 
Capacity per pump 
Pumping power, total 


kw/kg 


“ 


w/cm? 
« 





Thermal Power, Y 


> 


g 





——— Constant net power 

——— Constant pumping-power- 
to-thermai-power ratio 

------ Constant net efficiency 

=== Pumping power /net power =t 

@mmmmm Hyperbolo of minima of 
constant-net-power curves 








L2 


Average Temperature, X 


FIG. 1. Lines of constant net power, con- 
stant pumping-to-thermal power ratio, and 
constant net efficiency have this form 
on an average-temperature-thermal-power 
plane 


Thermodynamics of 
Gas-Cooled Reactors 


With a few simplifying assumptions one can make a general analysis 


of reactor thermal properties. 


The resulting equations show the 


influences of basic parameters on total system performance 


By GILBERT B. MELESE* ¢ 


THERMODYNAMIC ANALYSIS in terms of 
simplified basic equations permits the 
reactor designer to make a useful initial 
choice of his design parameters. From 
this he can proceed to detailed engi- 
neering with necessary compromises. 

A straightforward 
write the fluid-mechanics 
transfer equations for the central chan- 
nel of the reactor. This is done in 
terms of a flux form factor, assuming a 
cosine distribution along the channel 
length, Then extend the 


approach is to 


and heat- 


one can 


* PRESENT ADDRESS: Department 
Mechanical Engineering, C: 


sity, New York 27, N. Y 
72 


ylumbia Univer 


ommissariat a l' Energie Atomique, Centre d’' Etudes 


analysis to the whole reactor in terms 
of a radial form factor. 

The resulting expression for output 
electrical power can be written as a 
product of five factors. Each factor 
displays the influence on the output of 
one of the following sets of variables: 

1) outside variables, (2) nuclear quan- 
tities, (3) maximum can temperature, 
(4) dimensions and gas pressure, (5) 
properties of the coolant gas. 


Method of Approach 

Let us consider the over-all efficiency 
of a thermal heterogeneous nuclear re- 
actor fueled with natural uranium and 
cooled by a pressurized gas. Assume 


Vucléaires, Saclay, France 


that the energy-recovery system con- 
sists of a heat exchanger and a steam 
cycle. This does not include the case 
of a gas turbine, but this type of study 
could be extended to that case. 

The moderator can be either a solid 
(graphite or beryllium) or a liquid 
(heavy water); the technology would 
but not the 

enrichment 
(1) would 


obviously be different 
basic Slight 


of the fuel or other variations 


equations. 


lead to similar conclusions. 

We will seek to simplify the equa- 
tions governing such a reactor so as to 
obtain simple relations among the net 
electrical output and the main vari- 
These simplified equations will 
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permit determination of the optimal 
characteristics of such a reactor with a 
good approximation. 


Fuel-Channel Equations 


It is useful to study the most highly 
rated or ‘‘central’” channel before ex- 
tending the analysis to the whole reac- 
tor. The heat-transport equation reads 
(for symbols see table at right) 


P,, - QC avg(Fo a9 6) (1) 


The equation for heat transfer per 
unit length from the fuel element to the 
coolant can be written 


€)P..0(z)/l 
= Alt(x) — O(x)|S, (2) 


is the average of the heat-transfer 
ficient taken around the can in a 
It can be written 
in terms of the average Margoulis (or 
number M ash = MqCyy,/A. 

S., which appears in Eq. 2, is defined 
so as to take care of possible extended 
surfaces with efficiencies smaller than 
one. It isa function of both geometry 


riven cross section. 


Stanton 


and mass flow. 

One can derive a simple relation be- 
tween the temperature rise of the gas 
in the channel and the difference be- 
the maximum can temperature 
and average gas temperature 


tween 
‘ .. wt ro 
2sin8sin— (3) 

2L 


M ] Se 1 


2y(1—e) A sin (al/2L) 
cosine fiux distribution 


rl 1 a 
1. oe een (5) 
2L sin (rl/2L) 

Just for the sake of simpler formulas, 
the extrapolated length will be taken 
equal to the actual length. Equations 

1) and (5) will then read 


6, — 6; : 
= 2sin6 


4’ 
se (4’) 


M.S. 
tan 8 = —Il— (6) 
er (UA 


In order to have a safety margin, we 
neglect the factor 1/(1 — €), the value 
of which is of the order of 1.07. 

The heat-conduction equation inside 
the fuel rod gives an upper bound to 
the difference between maximum fuel 
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Cross sectional area of cool- 
ant channel 

Pitch of the uranium lattice 
External-internal-diameter 
function (see Eq. 8) 
Coolant specific heat at con- 
stant pressure and temper- 
ture 6, 

Average along the channel 
of the coolant specific heat 
at constant pressure 

Core diameter 

Outside diameter of fuel 
Inside diameter of fuel 
Aerothermodynamic coef- 
ficient (Eq. 20) 

Average value of the total 
friction factor in the channel 
Radial form factor—tratio of 
average flux to maximum 
flux 
Average heat transfer co- 
efficient 

Heat transfer 
fuel to can 
Ratio of total pressure drop 
to fuel-channel pressure drop 
Total length of fuel elements 


coefficient 


in a channel 

Extrapolated length (to zero 
flux) 

Average value of the Mar- 
goulis (or Stanton) number 
Total number of channels 
Ratio of average pressure to 
atmospheric pressure 
Pressure drop in a channel 
Thermal power for a chan- 
nel 

Net electrical power for a 
channel 

Pumping power for a channel 
Coolant mass flow (in a 
channel) 

Effective heat-transfer per- 
imeter of fuel element 
Fluid-friction (or “wet’’) 
perimeter of channel 

Can surface temperature as 
a function of z 

Uranium temperature 

(6,/t 2 (see Eq. 21) 


max 





Symbols Used in This Article 


W Nondimensional pumping 
power 
Length coordinate along a 
fuel channel 
Nondimensional average 
temperature 
Nondimensional thermal 
power 
Nondimensional net 
trical power 
Angle corresponding to the 
maximum can temperature 


elec- 


(see Eq. 5) 

Longitudinal form factor 
ratio of flux to 
average flux 

Fraction of fission heat gen- 
erated in moderator 


maximum 


Thermal conductivity of 
uranium 

“Mechanical”’ efficiency of 
steam cycle (see Eq. 11 
Blower efficiency 

Thermal efficiency of the 
steam cycle 

Net electrical efficiency 
Coolant density 

Coolant 
spheric pressure and at tem- 


density at atmo- 
perature 6, 

Gas density at entrance to 
blower 

Average density of coolant 
in the channel 

Coolant temperature along 
channel 

Fictitious sink temperature 
(see Eq. 11) 

= (6; + 6,)/2, average cool- 
ant temperature in a channei 
Inlet coolant temperature 
Outlet coolant temperature 
Neutron flux from factor 
(Omax = 1) 


Indices 
Averages (taken either along 
channel or around can) 
Maxima 
Central-channel values 
Whole-reactor values 
Values at optimal point. 





temperature and maximum can tem- 
perature. (Recognize that these two 
maxima do not occur in the same cross 
section.) 


- ie ie Ss 


PofB 1 i 
om ) - - 
C—O T [ant oan) 8 
(The temperature drop in the can itself 
is assumed to be negligible.) 


B isa function of the ratio of external 
to internal diameters of the fuel rods. 
It depends on the type of cooling. For 
external cooling of a cylindrical rod one 
obtains 

2 log (d,/d,) 


B=1- 
(d,/d;)? — 1 


For a full rod, B is equal to one. 
When both maximum fuel tempera- 
ture and maximum can temperature 
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are limited, and when the thermal 
power is also given, Eq. 7 permits one 
to find the geometry of the rod. 
must always remember to check the 
result against nuclear considerations.) 

The pressure drop in the fuel channel 
for turbulent flow is given by the rela- 
tion 


One 


Ap. = 


The parameter f is designed to include 
the effects of density change due to 
temperature rise. 

For small pressure ratio the power 
required to circulate the gas through 
the channel and also the external pipes 
and heat exchangers can be written 


For a great number of classical steam 
cycles the thermal efficiency can be 
written in the simple form 


mM = (1 — O:/Oave 1] 


Here 7, is a kind of mechanical eff- 
ciency (~0.75) and @, a fictitious sink 
temperature (~330° K 

Assume the gas is circulating in a 
closed cycle through the fuel channel, 
the heat exchanger and the 
Since the heat produced by compres- 
sion in the blower flows into the coolant 
gas, the net electrical power produced 
by the channel will be 


Pre na ne Pre +P ‘ Fw 12) 


bl. wer. 


By combining Eas. 1, 4, 9, 10 and 11 


Eq. 12 can be written 


6, 
Pu/Pu= ne(1 — 5 


ve 


with the coefficient 
( K 1 f ( } =) 
vo 169, Cavg*PePave 8in*®8 \ A? 


f - n(1 4.) 14 


For the sake of simplicity the four 
quantities M, f, S, and 6 are assumed 
to be independent of the thermody- 
namic variables P, and @,,,. In fact 
they vary slowly with Reynolds and 
Prandtl numbers with the 
ratio of can and coolant thermal con- 
ductivities. 

With the help of Eq. 6 the coefficient 
Q can be written with sufficient accu- 
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and also 


racy for gas coolants 


+= (2) (ats) 
16, a°P."p* 


1 {Se 15 
— - (1d 
? (MS, cos 6) 


Notice that this coefficient (which is 
in first approximation independent of 
the variables P, and 6,,,), is the prod- 
uct of three factors. The first one de- 
pends only on the external parameters, 
the second one on coolant properties, 
and the third one on the aerothermody- 
namical properties of the fuel channel. 


Optimal Characteristics 


For a given maximum can tempera- 
ture, the net electrical power P., is a 
function of the two thermodynamic 
variables P,, and Oavg. 

The maximum value of P,, is easily 
deduced from Eq. 13 by partial differ- 
entiation. The values corresponding 
to this maximum are 


O ms = (OSun) » (16) 
nr = P’../P'« = 26nal 1 — (0,/tmax) 7] 
(17 


[1-(2)"]}° as 


From these one can deduce P’,..) 
Notice that the optimal average gas 
temperature is the geometrical mean of 


! (natmex) ” 


the maximum can temperature and the 
fictitious sink temperature and that the 
corresponding net efficiency depends 
only on these two temperatures and on 


Electrica! Power, Z 








5 3 
Thermal Power, Y 


FIG. 2. For constant coolant tempera- 
ture, required pumping power increases 
faster than total electrical power. 
Thus net power goes through a maximum 


the **mechanical”’ efficiency »,. One 
ean find in these conditions that the 
value of the pumping power would be 
half that of the net electrical power. 

Equation 18 can be written again 
with the help of Eq. 15 


ss" () 0.4% 
» \PPa\ a’*) 
Or 1K ’ 


{1 ote (O./tmax) **]} 4 19) 


J 


/ 
P ec — 


LE | (matmax) 
The aerothermodynamic factor EF is 
defined by 

(MS, cos B)* 


Sw 


(7?A sin 8)3 


fs wl? 


(20) 


(MS,l = 7A tan B by Eq. 6.) 

Obviously one will not operate the 
reactor at the optimal point defined by 
Eqs. 16-20 since the pumping power 
would be much too large and the net 
efficiency much too low. But we shall 
use the coordinates of this point as 
optimal coordinates with which to de- 
fine nondimensional characteristics of 
the reactor fuel channel. If the pa- 
rameters 72, 4, and tax are Supposed to 
be fixed, the scale of power will be 
determined uniquely by the factor P’., 
nr being also fixed). We can then 
compare coolants and geometries. 

Let us define the 


variables 


nondimensional 


X Cave Vin Y= Py P'.:Z2= Pes a 


With these variables Eq. 13 reads 


i fT ¥e 
— (21) 
-~UXe | 
(Os/tmax 


The corresponding equation for the 


where U= 


nondimensional pumping power W can 


~~ Sara 
} a 
( = x) 


By definition, the coordinates of the 
optimal point are X:= Y = Z = 1; let 
us now explore the rest of X, Y, Z 
Consider first in the X,Y plane 
the lines of constant Z, or nondimen- 


be written 


W-= 


space. 


sional net electrical power (Fig. 1). 
The points of contact of their hori- 
zontal tangents lie on the hyperbola 


(a2) 


For a given value of the thermal 
power Y this curve defines the tem- 
perature X that gives maximum Z. 
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One can also draw the lines of con- 
stant values of the net electrical effi- 
ciency, nr = P../Pr. Equations are 


(: — UX\[,1— U/x 

1-—U " j= 
-2(%)| (24) 

nT 


with the value n’r = 24n,(1 — U) (see 
Eq. 17 

Their maximum values lie on the 
hyperbola (Eq. 23). They cut 
the X axis at right angles. They are 
tangent to the X axis at the points 
X 1/U (the hyperbola is also tan- 
gent at the same point). 

One can finally draw the lines of 


same 


equal value of the ratio of pumping 
power to thermal power 


2 (te) (: ~ UX) 
n't \Pre 1—U 


Figure 1 shows the diagram with the 
lines of constant values of Z, nr and 
P,/P, 

Figure 2 shows the type of variation 
of the net electrical power with thermal 
power for a given average gas tempera- 
ture. For Z maximum the value of 
the pumping power is half that of the 
net electrical power. 

By dividing the pumping power by a 
factor 8 (that is, by dividing the ther- 
mal power by 2), the value of the net 
electrical power is decreased only by 
~45%. (These results are independ- 
the value chosen for the tem- 
The maximum values of Z 
for a constant value of the average 
temperature) correspond to the points 


ent of 


perature). 


with vertical tangents on the lines of 
constant values of Z. 
The equation of the corresponding 
e given by Z = W (see Eqs. 21 and 
reads 
1 — U/X)*(1 — UX)* 


26 
(1 — U)? ™ 


Then the following equation 


1 (1 — U/X)*01 — UX)*% 
2 (1 — U)? 


(26’) 


defines the points for which the pump- 
ing power is 4; of the net electrical 
power. It corresponds to the points 
we just considered above in Fig. 2 when 
we divided the thermal power by 2. 
In practical designs of power reactors 
one will keep fairly close to this curve 
26’) when the temperatures are im- 
posed, and close to the hyperbola (23) 
when the thermal power is given. 
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Moximum Can Temperature (°C) 


FIG. 3. Net electrical power as a func- 
tion of maximum can temperature 


Whole-Reactor Analysis 

In general there is a large variation 
of heat release between the central 
channel and the external channels. 
Since the heat output is usually limited 
by the maximum flux, it is desirable to 
reduce the ratio of maximum flux to 
average flux to increase output. 

A uniform outlet-temperature dis- 
tribution can be obtained by orificing 
the coolant, either by using entry or 
exit orifices or by decreasing the size of 
the fuel channels from the center to the 
outside of the core. 

It is obvious that by having the same 
coolant flow through all reactor chan- 
nels, one needs a much greater pumping 
power and gets a much lower exit tem- 
perature than with orificing. 

One can also use fuel rods of different 
geometries at various distances from 
the center in order to increase the reac- 
tivity and also flatten heat flux. 

For power reactors one should flatten 
neutron flux and control temperatures 
by regulating coolant flow. In these 
calculations the gas is assumed to enter 
all channels at the same pressure and 
temperature. The exit pressures are 
also assumed to have the same value 
for all channels, and orificing is used 
to adjust flow. We will limit 
sideration to identical fuel rods and 
channels just for simplicity. If the 
flow is controlled in such a way as to 
obtain a constant exit temperature, the 
maximum can temperature will be the 


con- 


same in each channel by Eqs. 4 and 6. 
If one allows for a variation of 8 with 
the power (or with the mass flow), the 
maximum can temperature will slightly 
decrease in the external channels. 
With the help of Eqs. 1, 10 and 13 
the net electrical efficiency and the 


ratio of pumping power to thermal 
power can be seen to be the same for 
every channel. Total thermal power 
can be written Py = NFP. 

The net electrical output of the reac- 
tor will be P.r = NFP... Thus the 
maximum output is P’.r = NFP’ ec. 

By Eq. 19, this maximum value of 
the net electrical power is 


§- 3% “4 (D\* 
ra 8 H(3) (0 
36 wK 
» ¢ 6, “a . 
(ppsC.*)E natans 7 l -(, ? \| 


In the case we are considering, the dia- 
gram of Fig. 1 is still valid for the whole 
reactor; one only has to multiply the 
values of the various powers by the fac- 
tor NF. The net efficiency of the 
whole reactor is seen to increase if the 
reactor is divided into several regions. 
The temperature should be different in 
each region. It should increase as the 
heat output decreases. * 

The nondimensional 
Fig. 1 permits comparing the respective 
operating points of various reactors of 
the same type for the same maximum 
can temperature. For a dual-purpose 
reactor like Calder Hall, it would be 
convenient to place the operating point 
next to the hyperbola of our diagram 
with a fairly high value of the nondi- 
mensional thermal power. (One finds 
Y = ~0.7.) But for a reactor pri- 
marily designed for power one should 
try to get a better net electrical effi- 
without too pumping 
power. The operating point should 
therefore be 
the hyperbola and the curve of Eq. 26’ 
for which P,/P. = 4, and also below 
the curve Y = 0.5 (which means a rela- 


diagram of 


ciency much 


approximately between 


tively small nondimensional thermal 
power). 


Net Output 

Equation 27 shows the influence of 
parameters of various types. It can 
be written 


8 - 3% /mn.\" ) 
36 aK b? 
(trax? — 0,°*)*(plD?)(p.C,**) 


(MS, cos 8)** 


(fSw)* 


P’ er ” 


(28) 


*In the G2 dual-purpose reactor at 
Marcoule, France, there are two zones of 
entrance temperature and two different 
zones of exit temperature. 
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@ The first factor (mn,./rK)™ is con- 
cerned with the outside of the reactor. 
The efficiency of the blower and that 
of the steam cycle should obviously be 
as good as possible and the external 
pressure drop (K), reasonably low. 

@ The second factor (F/b? 
the neutron flux shovld be as flat as 
possible value of F—and the 
lattice pitch should not be too large 
Notice that this pitch is mainly deter- 
mined by nuclear considerations. It 
is a function of the moderator and of 


is nuclear: 


large 


the size of the uranium rod, for instances 


Owing to mechanical considerations 


(fabrication, loading, unloading) it can 
not be taken too small. Besides, reac- 
tor physics requires a minimum size for 
criticality in actual operating condi- 


tions, and extra reactivity must be 
allowed in order to use a uranium alloy 
This 


adding exX- 


for better irradiation properties 
extra 
tended surfaces, flattening the flux, et 
@ The third factor Bos — @, 


shows the importan 


reactivity permits 


ot the 


maxrimun 
can temperature; this temperature is 
determined both by 


properties of the 


me chanical and 


corrosion canning 
An increase of this tempera- 
ture from 400° to 450° ( 
increase of power of 
40% (see Fig. 3). 


crease in temperature must be compati- 


material. 
permits an 
approximate ly 


However, an in- 


ble with the reactions among coolant, 
uranium, steel, et 
should not check that the 
maximum permissible temperature of 


graphite One 


forget to 


the uranium is not reached (see Eq. 7 
Usually this temperature is determined 


by the alpha-beta phase transition 
@ The fourth factor (pl D?) is a function 


the reactor 
When 


there is a pressure vessel (with a graph- 


of both the dimensions of 
and the coolant-gas pressure 


ite moderator for instance), the 
mum thickness of the 
maximum allowable stress give an up- 
per bound for the product of th 


naxXl- 


vessel and the 


vessel 
diameter and the pressure. In prac- 
tice, this limit is often determined by 
welding problems. An increase in coré 
diameter brings an increase in power 
due both to a larger plant size and to 
the possibility of using the excess reac- 
tivity to get a flatter flux 
in gas pressure brings an increase in net 


An increase 


decrease in 
power. the 
diameter product is limited, one should 


power and a pumping 


Since pressure X vessel- 
reach a compromise between these two 
One can also use the excess reactivity 


given by an increase in core diameter to 
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use larger fuel-channel diameters; in 
this case an increase in gas pressure be- 
comeslessimportant. In heavy-water- 
moderated reactors, one can either have 
a pressure tank or else have pressure 
held by the channel tubes themselves. 
In the latter case, the channel diameter 
(and not the core diameter) is limited 
by the value of the pressure. 

The length of uranium in the channel 
must not be too large for pressure-drop 
or metallurgical considerations. 

@ The fifth factor (p.C, 
influence of the choice of coolant gas. 


shows the 


Equation 28 shows the maximum net 
power to be proportional to this coeffi- 
cient. The following table shows rela- 


tive values of this factor.* 


Gas (pC 
No 0.62 
Air 0.645 

CO, 0.765 
He 
H» 


@ The last factor is the aerothermody- 
namic coefficient E (see Eqs. 6 and 20). 
It has the dimension of a length. 

One should try to increase the cross 
section of the flow as much as possiblet 
and try to obtain the maximum valu 
of the ratio (MS.)*/fS, 
transfer and friction. 

When both the ratio MS,/fS, and 


the cross section (A) are kept constant 


between heat 


we can make the significance of this 
coefficient clearer by writing it 


MS, 


{Se 


sin > cos 


The maximum value of £ is reached for 
B = 273, tan 6 = 1 
gives a value which is only 4% below 
One should therefor 


tan but actually 

this maximum. 

try to get better heat transfer until one 

reaches the value, MS, = 7A/l with: 
E = 0.6 (MS,)*/(fS~)* 

With a given channel cross section 
increasing values of heat transfer even- 
tually bring diminishing returns due to 
the resulting increase in pressure drop 
and loss of reactivity caused by the use 
of extended surfaces. 


* From heat-transfer considerations alone, 
CO: is a better coolant than He with ex- 
tended surfaces above 300° C. 

+ This is only true when Sz is independent 
of A; for longitudinal fins, for instance, §S, 
decreases slowly with A for a given mass 
flow. 


Conclusions 

When the approximate character- 
istics of a nuclear power plant are to 
the 


power-— 


be found, one often starts with 
of the net electrical 


which has to be large enough to get a 


value 


small capital cost per installed kilowatt. 
Moreover the maximum value of the 
pumping power is sometimes specified. 
Furthermore, since the cost per unit 
output decreases with an increase in 
net efficiency, one must try to obtain a 
Since the 


maximum can temperature is fixed by 


good efficiency, ~25-30%. 


metallurgical considerations, the oper- 
ating point of the reactor can be drawn 
on the nondimensional diagram of 
Fig. 1 close to the lines already defined. 

The values of 6. 
be deduced. 
a given total mass of uranium, Eq. 28 


ave and P’,, can then 
For a given coolant and 


shows that P’.r is then proportional to 
the pressure, to the flattening factor F 
and to the aerothermodynamic factor 
E. 

A compromise among the require- 
ments for small pressure drop, pressure- 
vessel plate ‘thickness and reactivity 
considerations — will finding 
core 
coolant- 


permit 


values of fuel-channel length, 


diameter, coolant 
flow 


imeter and 


pressure, 


cross section, heat-transfer per- 


wet perimeter. 
this 


give but an order of magnitude of the 


The results obtained in paper 


various parameters. Several heat 
transier experiments and nuclear com- 
an actual 


The 


actual values of the parameters always 


putations are necessary for 


design without oversimplification. 


result from compromise among all the 
different requirements in order to get 
a reliable power reactor with a low cost 
per unit output. 


* + * 
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Characteristics of VBWR 


Owner 


generating plant: 
Architect-engineer: 


Cost 


generating plant: 


agli 


Pressure vessel 
Inside height: 
Inside diameter: 
Wall thickness: 
Composition: 
Cladding 

material: 
thickness: 
Design pressure: 


Test pressure: 


Core 
Configuration: 
Size: 

Fuel load: 

Composition 
H.O: 
UOs.: 


SS: 


Control rods 
Configuration: 
Number 

12-in.-wide: 
5.75-in.-wide: 
Poison: 
Total rod worth: 
Weight 
12-in. rod: 
5.75-in. rod: 
Withdrawal rate: 
Scram time: 


Output 


Location: 
reactor plant: 


reactor plant: 
On line: 


heat: 
electrical: 


ponent Design Data 


19.4 ft 

7 ft 

33¢ in. 
carbon steel 


stainless steel (304L) 
0.125 in. 

,215 psig 

1,825 psig 


cylinder 
3 ft dia X 3 ft 
23 kg U5 


93 vol % 
0.25 vol % 
6.75 vol % 


blade 


6 
l 

B,C 

10% Ak/r 


40 |b 

20 Ib 

4-12 in. /min 
0.25 sec 


Control-rod drives 


Type: 
Number: 
Power requirement: 


Motor rating: 
Position indicator 
accuracy: 


Fuel elements 

Type: 
Number: 
Enrichment: 
Plates per element: 
Meat dimensions: 
Meat composition 

UO: 

SS: 


lead screw and nut 


120 v d-c 
1,750 rpm, 44 hp 


= los in. 


plate 

112 

> 90 % 

6 

36 X 2.75 X 0.015 in. 


23 wt % 


77 wt% 


Cladding: 
Plate temp. 
—avg: 

max: 


Vallecitos Atomic Laboratory, Pleasanton, Calif. 
General Electric Co. 
Pacific Gas & Electric Co 
Bechtel Corp. 

$2,500,000 

$572,000 

October 24, 1957 

30,000 kw 

6,000 kw 


304L SS 


565° F 


590° F 


Nuclear Design Data 


Moderator 
Type: 
Thermal-neutron 

flux 
avg: 

—max: 
Prompt-neutron 

lifetime: 
Eff. delayed- 


neutron fraction: 


Over-all temp. 
coefficient 


light water 


2 X 10" n/em?/sec 
5 X 10" n/em?/see 


5 X 107° see 
0.0075 


~ — 0.4 X 10°5/° F 


Control requirement 


Burnup 
compensation : 

Peak xenon 
override: 

Equilibrium 
samarium: 

Temperature 
coefficient: 

Voids: 

Total control 
available: 


1% Ak/k 
2% Ak/k 
0.7% Ak/k 


0.5% Ak/k 
1% Ak/k 


5.2% Ak/k 


a CloLmaselitii-ia Blelie) 


Coolant 
Type: 
Volume—total: 

—in core: 
Inlet flow: 


Inlet temperature: 
Operating pressure: 
Outlet steam temp.: 


Outlet steam flow: 


Recirculation rate: 


Heat flux 
Max/avg ratio 
—axial: 
—radial: 
Core—average : 
—maximum : 
—burnout: 


light water 

12,000 liters 

520 liters 

155 gpm 

100° F 

1,000 psig 

545° F 

57,000 lb/hr 

~ 50 lb ‘Ib of steam 


1.6 

1.3 

90,000 Btu/ft?/hr 
200,000 Btu /ft®/hr 
800,000 Btu /ft®/hr 
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VBWR on the Line 


VBWR went critical on August 5, 1957, and ex- 


ments to ae velop a core configuration most 
suitable for power operation were performed right 
the reactor vessel. On August 31, GE was 
issued P r Reactor License No. 1 by the AEC 
ind, after completion of the critical experiments 
VBWR was initially operated at power on October 
17 On October 19 the reactor d veloped its 
1xImUN censed output. On October 24 (less 
than 17 months after ground breaking) the reactor 
nt to fu power and 6,000 kw of electricity 
began flow through the Pacific Gas & Electric 
Co. trans sion system. In excess of 1,000,000 


Control rods 


h have been produced so far, and no technical 
difficulties have been experienced. 

During the course of power operation, VBWR 

is found to be stable against load fluctuations 
ind dynamic effects The reactor easily generates 
its maximum licensed output, and fuel tempera- 
tures indicate a large heat-transfer margin 
Neutron-flux distribution is flatter than was 
anticipated, and operation under boiling conditions 
s much smoother than was expected. GE now 
believes that VBWR is capable of producing sub- 
stantially more than the 30 Mw/(th) presently 


iuthorized 


Reducing valve 
(000-450 psi) 





















































Steam baffle. Steam separator Turbine 
L eo © - 
Apa 
Bypass 
—_— line 
Vv = ; 
in = ~ Condenser 
a4 - ; 
Circulating 
<< pump - Reoctor 
Heat exchanger 
Cooler 
Feed 
pump 
as 





vral-circulation direct-cycle system, 
VBWR is provided with pump and 
steam generator in extra loop to 
simulate forced-circulation dual-cycle 
operation 


T VBWR flow diagram. Although nat- 


Reactor-core structure is simple 
Wi egg-crate-type; upper and lower 
grids are supported by long bolts. 
Dummy elements are here arranged 
arbitrarily; forced-circulation baffles 
are in lowered position 






Filter Resin 
column 






























High-pressure air 
accumulator 


Concrete 
shielding 





Core-support ring 


Core support bolt 








Grid clamp 


Control rod 





Vessel support 
Upper grid 





Circulation baffle 


Fuel storage rack 





Vessel guide 


Reactor proper. Feedwater enters vessel above core and flows 
down through baffles to plenum below core then up through fuel 
elements. Water and steam leave core; water to flow down 
around outside of core to re-enter at bottom; steam to exit 








Control-rod drives 


Missile shield 


Access port 


Control rod shaft guide 


Steam boffile 
Steam outlet line 


Feed and circulation 
discharge 


Woter boffle 


Circulation suction 
Instrument tube 


Active core 
Lower grid 


through baffle and pipe at top of vessel. For forced circulation, 
core baffles in lowered position (as shown) prevent downward 
flow of water; instead, it is pumped through extra loop and 
re-enters vessel as feedwater 
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The Vallecitos Boiling Water Reactor (VBWR) has 
been constructed to serve as the following: 

1. A test facility for certain critical components 
and parameters of the reactor GE is designing 
for the Commonwealth Edison Co. at Dresden, III. 

2. Atool for the development, demonstration 
and testing of other boiling-water-reactor designs. 

3. A training aid in the operation of a boiling- 
water reactor. 

4. A research tool to provide reliable information 
concerning stability, load-response characteristics, 
safety and fuel economy of boiling-water reactors. 


Pressure Vessel 

The pressure-vessel shell was fabricated in four 
courses, each 377¢ in. high, of SA264 steel plate 
clad on the inside with stainless steel. The upper 
head is fastened to the vessel shell with thirty-six 
4-in. bolts through flanges that are 17 in. high and 
>9 ft o.d. A double gasket (soft-iron) arrange- 
ment incorporates means of collecting leakage. 

A 9-in.-long piece of 12-in. pipe is welded to the 
bottom of the vessel and fits into a receptacle in 
the concrete under the vessel. This positions the 
vessel (but does not support it). The full weight of 
the vessel is carried by eight supports welded 
around the side about 844 ft from the bottom 
These rest on a leveling ring set into the concrete 
structure surrounding the vessel. 

Two 10-in. inlet-water nozzles are located on each 
side of the vessel, 134g ft above the bottom. 
Four 10-in. outlet-water nozzles are located 72 deg 
on either side of the centerline through the inlet 
nozzles, 9 ft above the bottom. A 6-in. outlet- 
steam nozzle is located 90 deg from the inlet noz- 
zles, 1334 ft above the bottom. 

Seven nozzles for control-rod penetration extend 
24 in. above a 7.25-in.-thick, 30-in.-o.d., SA105 
(grade II) steel disk in the top of the upper head. 
Attached to the bottom of the disk is a stainless- 
steel shell that extends about 30 in. below the head 
and supports guide bushings for the control-rod 
shafts. 

Four |2-in. nozzles, also located in the head, are 
access ports for refueling. One of these has a 
14g-in. nozzle on the side for water-level control 
during refueling, and two of the others have 1-in 
nozzles on the side to supply steam to the balancing 
cylinders on the control-rod drives. The four 
access ports are fabricated of carbon steel lined 
with stainless; all other nozzles are of stainless. 

A water baffle, extending from each inlet nozzle 
down to | ft below the top of the upper grid of the 
core structure, directs the flow of incoming water to 
the bottom of the vessel. A steam baffle extends 
around the inside of the upper head with a pipe 
connecting it to the outlet-steam nozzle. This 
baffle serves to remove most of the water entrained 


in the steam. 


Description of VBWR 


Core Structure 

The principal parts of the stainless-steel core 
structure are the upper and lower grids. These are 
suspended on support bolts from a ring that is 
supported by brackets attached to the pressure- 
vessel shell just below the flanges. The lower grid 
is an egg-crate structure supported in a square 
frame. The frame is fabricated of 7 X 2 X 1-in. 
angles welded together. Tubing welded to the 
corners of the frame is drilled and tapped to receive 
the support bolts. 

The egg crate consists of nine support bars 314¢ in. 
high and 5¢ in. thick in one direction and seventeen 
6-in.-high grid bars in the other direction. Of the 
grid bars, 14 are 3¢ in. thick and three are 34 in. 
thick. The grid bars are notched to fit over the 
support bars, which have grooves cut into them to 
position the grid bars. The egg crate provides 
uniform spacing of the fuel elements except where 
the 34-in.-thick grid bars are located. These bars 
increase the separation between elements to permit 
passage of the control rods 

The upper grid consists essentially of a frame 
with six holddown grids hinged to it. The frame 
is fabricated from 1-in.-thick plate welded together 
The hold-down grids are fabricated from 3¢-in. 
thick rods in an egg-crate arrangement. Each rod 
is notched so that all are interlocked and welded 
at each junction. Pieces of tubing 2 in. long, 
having a 11!4-in. o.d. and a !¢-in. wall and milled so 
as to have four notches at right angles, are fitted 
over each junction and welded in place. After 
being welded, four more notches are cut in the 
tubes. When the holddown grids are lowered over 
the fuel elements, each tube engages the corners 
of four adjacent fuel elements. Clamps are 
provided to hold the grids in position. 

The support ring is 2 in. thick and 4 in. wide. It 
is fastened to the brackets on the vessel wall by 
J-bolts and is fitted with adjusting screws. The 
four support bolts are of 1}4-in.-diameter, hardened 
Armco 17-4PH stainless steel with Monel nuts. 
The bolts are slightly under 14 ft long and have 
214-in.-o.d., 14-in.-wall spacers of seamless tubing 
to establish the distance between the upper and 
lower grids and between the support ring and the 
upper grid. 


Fuel Elements 

The fuel elements are of the plate type, fabri- 
cated by the picture-frame technique. The fuel is 
in the form of UO» powder with particle sizes rang- 
ing from 44 to 80 microns. The diluent and 
cladding is type-304L stainless steel. Each plate 
is 37 in. long, 2.95 in. wide and 0.025 in. thick. 

The fuel element consists essentially of six such 
plates and two side plates. The side plates are 
fabricated from 0.025-in.-thick, 3-in.-wide stainless- 
steel strips with indentations every 314 in. These 





indentations are 0.05 in. deep and have a 5-in 
radius of curvature. Six slots are punched into 
each indentation. The fuel plates are fitted into 
the slots and spot-welded in place. The side plates 
are 76.5 in. long. Two stainless-steel plates 28.25 
in. long are fitted and spot welded into the outside 
slots above the fuel plates to provide a “chimney” 
for the coolant. Two7-in.-long plates are similarly 
placed in the narrowed-down tip. 


Control Rods 

The control rods consist essentially of ByC blocks 
enclosed in stainless steel. Six 12-in.-wide rods and 
one 5.75-in.-wide rod are arranged in three rows 
with the center row containing two large rods and 
the small one and the two outside rows containing 
two large rods spaced 9.7 in. from the center row. 
The rods in each row are separated by 44 in. 

The absorbing section of the rod is 43 in. long. 
The B,C blocks contained in this section are 2.87 
in. square and }4 in. thick. They are contained 
between ,-in. stainless-steel side and spacer 
plates. A piece of 3¢-in.-thick, 12-in.-wide stainless 
steel forms an extension 32 in. above the absorber 
section. Three holes, 8 in. square, are cut in the 
extension to reduce its weight. The B,C blocks 
have a minimum density of 2.2 gm/cm* and contain 
a minimum of 76.5% boron. 

A short piece of 2}4-in. stainless-steel rod is 
welded to the extension and is tapped to receive the 
control-rod-drive shaft extension. This extension 
is fabricated of Armco 17-4PH stainless-steel tub- 
ing with a 144-in. o.d. and 4¢-in. wall. 


Control-Rod Drives 

The seven drive units are mounted on a base 
plate that is attached to the missile shield above the 
reactor. All seven units are identical except for the 
one driving the center rod which, because of space 
limitations, is arranged differently—the motor is 
inverted and drives the lower end of the lead screws 
rather than the upper end. 

The control-rod drives are patterned after those 
used in the Borax reactors. The actuating mecha- 
nism is a double-acting air cylinder with the piston 
attached to the drive shaft. Air pressure is ap- 
plied to the lower side of the cylinder to drive the 
shaft up until a stop on the shaft contacts a motor- 
driven stop. When the motor-driven stop is 
moved up or down, the stop on the shaft and the 
control rod follows it. To scram the reactor, air 
pressure is removed from the lower part of the 
cylinder and a higher pressure is applied to the 
upper part. The piston is driven down by the air 
pressure, causing the stop on the shaft to separate 
from the motor-driven stop. A switch on the stop 
opens to cause the motor-driven stop to move down. 
When it contacts the stop on the shaft, the rod can 
be withdrawn. A balancing cylinder at the top of 
the shaft is connected to the reactor vessel so that 
the cylinder and motor-driven stop do not have to 
overcome reactor pressure but only the friction in 


the mechanism and seals. 
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and slotted side plates hold six fully enriched fuel plates spot welded in place. Later core 
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will consist of elements (bottom) similar to those of Dresden reactor. These will have either 
nine or sixteen 14-in.-diameter tubes containing 2.3% enriched UO, pellets clad with either 
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Blade-type control rods contain hot-pressed B,C blocks encased in SS. 
5 Control-rod drive shaft extends through upper head of pressure vessel 


Control rods are positioned by variable-speed electric motors that VBWR is housed in containment vessel 105 ft high over-all and 48 ft in diameter. Hemi- 
6 operate lead screws against constant pressure of air cylinders. ? spherical heads were constructed of 74 ,-in. SA212 steel plate; shell of 7%4-in. plote. 
Drives mount on missile shield above reactor; simple disconnect joint Design pressure is 45 psig; test pressure is 56 psig. Shielding consists of concrete sur- 
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Scenes like the above (at the 1957 Atomfair) will be repeated this year as.. 
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Mark 1958 Nuclear Congress 


The Congress is being coordinated 
by the Engineers Joint Council. The 
Western Society of Engineers, a mem- 


ber of the Engineers Joint Council, 
will be the “host society.”” The 
American Power Conference is also 


participating to enable foreign repre- 
sentatives at this meeting to take part 
in the aspects of power generation that 
will be covered. 

Headquarters hotel for the Congress 


will be the Palmer House. Informa- 
tion about advance registration and 
hotel reservations is available from 


any of the participating societies or 
from the Engineers Joint Council, 29 
W. 39th St., N. Y. 18, N. Y. 
The 
four activities of major interest: 
® Fourth Nuclear Engineering and 
Science Conference 150 
papers on late developments in the 


Congress will bring together 


will present 
several fields of atomic energy appli- 
cation, including a number of papers 
propulsion. It is being 
Nuclear 


on aircraft 
sponsored by the American 
Society and 28 other engineering and 
scientific societies. 

® Atomic Energy Management Con- 
ference, the 
National Industrial Conference Board 
and the Atomic Industrial Forum. 


sponsored jointly by 





® Sixth Hot Laboratories and Equip- 


ment Conference, sponsored by the 
Hot Laboratories Committee. 
®The Atomic Industrial Forum's 


‘‘Atomfair’’ will display the equipment, 
products and services of virtually every 
major supplier for the nuclear industry. 
Extracurricular activities include 
luncheons sponsored by various socie- 
ties at the Saddle & Sirloin Club ad- 
jacent to the amphitheater: Monday 
ANS, Tuesday—AIChE, Wednesday 
ASTM, Thursday—AIEE, Friday— 
ASME. In addition, Atomic Indus- 
trial Forum National Industrial 
Conference Board will sponsor a “‘get 
acquainted” luncheon on Monday at 


and 


Palmer House, a reception and dinner 
Tuesday beginning at 6:00 p.m. and a 
The 
all-conference banquet will be held at 
Palmer House at 7:00 
Wednesday. 


closing luncheon on Wednesday. 
Pp. mm. on 


Preprints of conference papers (listed 
below) will be available after February 


3rd and will cost 50 cents each. The 
preprints can be ordered with the 
coupon to be found on page 78. The 


order number of each paper is listed 
after the affiliation of the author. 


Turn Page for Details on Congress Program 
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The 1958 Nuclear Congress at a Glance — 


MONDAY TUESDAY 





Nuclear Engineering and Science Conference 


MORNING Commercial Uses of Radioactive Tracers Fuel, Control, Moderator and Coolant Materials—l! 
9:00 a.m.—12:00 Reactor Component Development, Fabrication Reactor Operation and Maintenance—I| 
and Testing—I Experimental Power Reactors and Advanced 
Standardization, Codes and Licensing Concepts—I 
Reactors for Process Heat and Radiation Health Physics and Instrumentation 


AFTERNOON Isotope Production and Application Reactor Physics 
2:00—4:30 p.m. ‘eactor Component Development, Fabrication Experimental Power Reactors and 
esting—Il Advanced Concepts—l| 
r Operation and Maintenance—I Temperature Measurements and High 
Moderator and Coolant Temperature Instrumentation 
| Waste Treatment and Disposal 





MORNING ealth and Safety Better Products Through Rad 

9:00 a.m.—12:00 dustry Assessment of the U.S. Power Reactor Program Reduction of Nuclear Power C 
e ear Products Outside the U.S. Materials-Testing Facilitie 

teactors Economically Feasible? How the Indemnification Law 


AFTERNOON ower Reactor Experience Prospects for Economic Nuclear Power 
2:00—4:30 p.m. Should the Atomic Energy Act be Amended? Applications for Large Radiation Sources 
k for Nuclear Ship Propulsion Developments in Thermonuclear Research 
Nonnuclear Markets for Nuclear Materials Economics of Reactor Fuel Cycles 


“International Atomic Energy Activities will be the subject of a panel Wednesday morning 





Nuclear Engineering & Science Conference Papers 


Monday, 9:00 a.m.—12:00 


Commercial Use of Radioactive 
= s 
Use This Handy Coupon to Order Preprints Tracers 
(Preprint order numbers follow listing of papers) Tracer Studies of Fungicidal Action— 
R. W. Greenlee, R. 8. Davidson, H. T 
Kemp, M. M. Baldwin, BMI 71 
Radioactive Tracers in Extreme Pressure 





Lubrication—E. H. Loeser, R. C. Wiquist, 
S. B. Twiss, Chrysler Corp 70 
Location of Leaks with Radioisotopes in 
Multiwalled Tanks—W. F. Sullivan, 
Nat'l Lead Co. 75 


Enclowed ie my check for § 
to A.I. Ch. E. Add 3% sales tax for delivery American Institute of Cher al Engineers 


New York City.) 
45 St., New York 36, N 


Please send me the 


50¢ each, Reactor Component Development, 


1234567 Fabrication and Testing—| 


b2 23 24 25 2 Diaphragm Feed Pumps for Homogeneous 
Reactors—C. H. Gabbard, ORNL 74 

High Temperature Canned Motor Liquid 
Metal Pumps—Oliver P. Steele, III, 
Westinghouse 76 

Guide to the Selection of Canned Motor 
Pumps W.M Wepfer Westinghouse 


39 41 4 é 7 ~ 2 5 5 Street Address 


Contents: Merchandise 
105 106 l 10 ) ¢ 7 Postmaster: This parcel may be 


118 119 1 121 122 ; é 7 128 3 postal inspection if nece 


Standardization, Codes and Licensing 


132 1 135 13 7 138 3 Return postage guarante« 


A Review of Structural Evaluation Pro- 
cedures—W. E. Cooper, GE-KAPL 78 
Code Problems in the Design of Nucleor 
Power Plants—John Zickel, GE 79 


145 146 1 


158 159 160 


Hot Laboratories Pr 


Li bb ht ttt tht htt iiiiiiiiiiii titi tity 





Digest Program of the Week’s Meetings 


WEDNESDAY 


THURSDAY 





Dp 


r Plant Instrumentation 
Control, Moderator and 

t Materials—Ill 
r Location and Safety 

and Mechanical Design—I 


r Control Instrumentation—I 
gress in Commercial Power 
Reactor Development 

Reactor Plant Materials—I 
and Mechanical Design—I! 


Reactor Contro! Instrumentation—II 

Reactor Plant Materials—tl 

Nuclear Education and Training 

Fuel Element Development, Fabri- 
cation and Testing—I 


Reactor Safety Instrumentation 

Reactor Systems Analysis—I 

Fuel Element Development, Fabrication 
and Testing—lI! 

Research and Test Reactors and 
Critical Assemblies 


Reactor Systems Analysis—I! 
Chemical Reprocessing—| 

Water Contamination and Treatment 
Reactor Shielding and Containment 


Chemical Reprocessing—I| 





Hot Laboratories and Equipment Conference 


and Process Facilities 


Irradiation and Other Facilities 
Hot Laboratory Practices and 
Equipment 


The Operational Aspects of Hot Laboratories 


Hot Laboratory Safety 





Inspection and Testing of Pressure Piping 
as Related to Nuclear Power Plants— 
V. T. Malcolm, Sidney Low, Valve Mfg. 
Co 132 


Reactors for Process Heat and 
Radiation 


The Chlorination of Mesitylene and Naph- 
thalene in the Presence of Gamma Radi- 
ation—W. M. Sergy, J. F. Hanus, J. Oishi, 
J. J. Martin, L. C. Anderson, Univ. of 
Mich 162 


Monday, 2:00—4:30 p.m. 


Production and Application of 
Radioisotopes 


The Release of Strain in Prince Rupert's 

by Gamma Irradiation—C. H. 
Greene, N. Y. State Ceramic College 45 

The Use of Tritium as an lonizing Source 
in Instruments—G. Frederick Vander- 
schmidt, J. R. Roehrig, John C. Simons, 
Jr., Nat'l Research Corp. 60 

The Effect of Nuclear Radiation on the 
Behavior of Cellulose and Cellulose 
Derivatives—Otto Teszler, Henry A. 
Rutherford, N. C. State College 48 

Recovery of Radioactive Cesium at 
Hanford—B. F. Judson, R. L. Moore, 
H. H. VanTuyl, GE-HAPO 

Density Measurement of Saturated, Sub- 
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Drops 


mersed Sediment by Gamma Ray Scat- 
tering—Lloyd O. Timblin, Jr., U. S. 
Department of the Interior, Bureau of 
Reclamation 135 
Kilocurie Production of Barium-140—B. M. 
Legler, A. L. Ayers, Phillips Petroleum 
Co 136 


Reactor Component Development, 
Fabrication and Testing—l 


Control Rod Drive Mechanism for the 
Argonne Low Power Reactor—W. J. 
Kann, ANL 30 

Development of a Welded Seal for a 
Reactor Vessel Head—Kenneth B. 
Garner, James W. Rogers, Combustion 
Engineering 167 

Control Rod Drive. Mechanisms for Pres- 
surized Water Reactors—J. J. Gertz, 
J. W. Flaherty, Westinghouse 80 

Control Valves for the Homogeneous Re- 
actor Test—A. M. Billings, ORNL 149 


Reactor Operation, Maintenance—l 


Startup and Operation of the Sodium Re- 
actor Experiment—L. E. Glasgow, Atom- 
ics International 81 

Direct Maintenance Practices for the 
Homogeneous Reactor Test—S. E. Beall, 
ORNL, R. W. Jurgensen, Ohio Power Co. 

82 


Testing Required for Full Power Operation 
at Shippingport Atomic Power Station 
8S. G. Schaffer, Duquesne Light Co. 83 


Fuel, Control, Moderator and Coolant 
Materials— 


Comparison of the Active with the Inactive 
Uranium Dioxide-OxygenSystem—D. A. 
Vaughan, R. K. Willardson, BMI 13 

Metallurgical Design and Properties of 
Silver-Indium-Cadmium Alloys for PWR 
Control Rods—I. Cohen, E. F. 
J. D. Eichenberg, Westinghouse 19 

Effects of Pile Irradiation on U;Si—M. L. 
Bleiberg, L. Westinghouse 18 

Radiolytic and Pyrolytic Decomposition of 
Organic Reactor Coolants—D. R. de 
Halas, GE 23 

Some Aspects of the Use of an Organic 
Coolant in a Heavy Water Moderated 
Power Reactor—Malcolm J. McNelly, 
Canadian GE 20 


Losco, 


J. Jones, 


Tuesday, 9:00 a.m.—12:00 


Fuel, Control, Moderator and Coolant 
Materials—l 


The Effects of Transformation Cooling Rate 
on the Activation Energy Required for 
Recrystallization of Beta Quenched 


continued on p. 134 
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Radionuclides Arranged by Gamma-Ray Energy 


By GILBERT W. SMITH and DONALD R. FARMELO 


Curtiss-Wright Corp., Quehanna, Pennsylvania 


THE TABLE presented here lists radio- | gamma-scintillation spectrometry, thé X-ray line in kev can be computed 

nuclides in order of the energies of their list includes other data along with from its wave length \ in angstroms 

emitted photons. The listing covers photopeak energy. The list is also as 12.34/A. 

the literature to October, 1956, as given useful in finding photon energies for Radiochemical separations may be 

by the Table of Isotopes (1) and the calibration purposes. necessary before using the table if a 

annual cumulations of nuclear data in Photopeaks rust not be confused complex mixture has more than 5 

Nuclear Science Abstracts with other peaks (2): (a) Pair-produc- photopeaks Half-life, detection effi- 
The following criteria have been used _ tion peaks appear 0.51 and 1.02 Mev ciency, daughter activities, and other 

in selecting the items below the photopeak and are especially properties can be used to resolve situa- 

e Nuclides derived from n y re - bothersome if the photopeak occurs tions of this kind 

tions and fission products having above 1.5 Mev. (b) Annihilation ra 

>~0.5% yield are included diation appears at 0.51 Mev in positron BIBLIOGRAPHY 

© Half-lives or precursor half-liy emitters. (c) Compton collisions that - ae egy bpp hy e- Centers 

are a few minutes or longer. scatter the photon at 180 deg create a P. R. Bell he Scintillation Method,” in 

e Gammas <10% of the total a peak at the following energy: E = E, Bisse > gy es so ml iene Rig Ph os 

tivity of any nuclide are omitted 1 + 3.9137£o) with both energies in York, 1955 


> » ‘ . : ie : B. Crasemann, H. Easterday, NucLrEontics 14, 
For use in identifying nuclides by Mev (3). (d) The energy of the A, No. 6 
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Radionuclides by Increasing Gamma-Photon Energy 


Photon Production Photon 

yield cross yield 
Photo- s* per Photo- section* per 
peak disinte- peak (barns) o disinte- 
energy f- ssior gration energy alf fission grati 


(Mev) Nuclide fe / Y, Daughter Me ucli fe yield 


0.037 Br*or t.58h 9b Br® hel 7.5h 9b 
0.040 Rh!" 57m 2.9° Rh | : 1 6y 120b 
0.047 Pb?!° 22) Bi? 1g 134m 3. 2h 0.016b 100 
0.049 ~=Br*" 1.58h 2.9b Br’ I 16.0d Sb 100 
0.052 Rh! 1.4m 21 Rh 18 16d LOb 
0.058 Gd'59 18h b Tb159(st 290d 6.0% 30 
0.068cet Ta®? 112d 211 W382 Se 127d 26b 
0.077 Pt}97 10h Au Te” 6.04h 5.8% 
0.080 Ho'!*6 27.31 ) Her 16¢ e! 32.8d 0.3b,5.7 & 
0.081 Xe133 D.244 o% Cs! Te 24.5m 0.22b,2.9% 
0.084 Tm? 129d 251 Yb 2 49m 0.2b 
Ybi 85m 1 36h 0.1b,1.1% 
0.084 Th?2* 1.9 2 a7 tated 16.9h 70b 
0.087 Pdi” 13.6h 12b ; , 12.8d 1.0b,6.3 % 
0.089 Lu?" 3.7h 101 five , 12.0d 2.9% 
Hf!76" ~—s short { 3: 85.0m 0.5b,6.2% 
0.089 Te!?7™™ 110d 0.09b Te!?? Se 25m 0.004b 
0.092 Nd! 3 2.6% Te lsim 30h 0.42% 
0.093 Th?44 r ( Ta! 16.5m 0.03b 
0.094 U5 x 10%) Th? 2 7.1105 
0.100 Sm '53 140b . . Ra?! 1622, 
0.103 Dd! 236d 1251 10153 [ntti 19d 56b 
0.105 Pa? 27.4d ~501 J233 Mo! 14.6m 0.20b,5.4 % 
0.105 Sm!5 2.4m 5.5b 100 b . Lu!” 6.8d 1 10%b 
0.106 Te! 33.5d 015b,0.34¢ 100 212 Hf180™ =5.5h 75b 106 
0.110 Te!25™ = 58d 5b 100 Tei%5 23 Te! 77.7h 149 40 
0.112 Lu” 6.8d t<10%b ; y+ Xel33m— 2.3. 6.5% 100 Xe133 
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V uclide 


Pb?2!2 
Bus 
Cd 


Half- 


l ife 


10.6h 
l3y 
19m 
9.13h 
24m 
12h 
82m 
127d 
47d 
8.05d 
50h 
33h 
1.36h 
14m 
27.4d 
74.4d 
11.3d 
27d 
9.5m 
19h 
53h 
$.5h 
2.16m 
18h 
8.05d 
2.56h 
25m 
2.8h 
118d 
78m 
2.69d 
13.8h 
5.5h 
25m 
74.4d 
52.9d 
23.9h 
10.0h 
39.8d 
65d 
ly 
30s 
2.65h 
15.6m 
20.9h 
11.3d 
12.8d 
35.7h 
26.5h 
9.7h 
12h 
2.75d 
60d 
19.7m 
35.9h 
ly 
30s 
8.05d 
270d 
33y- 
2.6m 


Production 
CrO8s 
section* 
(barns) or 
fission 


yteld (%) (J 


~R80 
7 X<10*b 
0.2b 


© eee 
0.9% 


100 
100 
5.5b 100 
0.2b 
0.5b 
26b 
3.8b 
2.9% 
13% 
1.0b,5.4% 
0.1b,1.1% 
5.4% 
5Ob 
7T00b 
8b,2.6% 
lib 
0.2b 
130b 
L.1b 


tb 
2.9% 
2.6b 
0.004b 
1.3b 
1.3b 
2.7% 
96b 
0.1b 
75b 
6.3b 
700b 


34b 
8.4b 
.2b,2.9% 99 
1.0b 100 
0.38% 11 


0.11b 
6.3% 
6.5% 

1.8b,2.6% 

6.3.%,4.0b 
3.5b 
4.2b 
5.8% 
0.2b 
7b 


2.5b 


2.6b 
0.38% 12 


2.9% 9 
2.8b 97 


5.9% 92 
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Photon 

yield 
per 

disinte- 


gration 


) 


Da ughte r 


Bi2!2 
Gd !82(; 
Cd!! 
Cg 155 
Eu 
As? 
As?*(s 
As75 
T1?°5(st 
Xelsingn 
Sm !49(st 
priss 
Kr*5 
Ru!®! 
U233 
Pt92(s 
Pm!*? 
V5l(st 
Sb125 
Pt!*4(st 
In!!5(st) 


T1207 


Tb***(st) 


Xelsimgm, 


Cu® (st) 
Br*8 
Sr*? 
Int3m 
Rb*? 
Hg? 
Zn® 
Hf'se 
Xe!28(st 
Pt?92(st) 
Li’ (st 
Re!37 (st 
Ca!°(st 
Rh!03" 
Rb*" 
Pd'6(st 


P31 (st 


Xelss 


X_e133, 133m 


Pm"? 
La!° 
Kr®?(st ) 
Se7®(st 
y* 

As” 
Te!22 st 
Te!*4(st) 
Pot!4 
Kr*®?(st) 


Pd'°*(st) 


Xelsimym 
Ago 
La!#? 


i 





Photo- 


pe ak 


energy 


V ev 


0.673 
0.69 


bo 


ll eel el el ee 


; ww bb 


413 


4 
81 
85e 
15 
62 
76 


Sc 


* The 


) Nuclide 


['32 
W187 
Te! 
Zr® 
Ru! 
Mo* 
Nb*® 
Br® 
Zr%7- 

Nb*"™ 
Cs'34 
Pb?! 
Ga™ 
Mn** 
Ga™ 
Mn** 
Sc*é 
Rb** 
Cd'15- 

In!15™ 
Sess 
Mo!®! 
This 
Dy** 
Rb** 
Fes? 
Zn* 
Set 
Eu'54 
Ni® 
Ta! 
Co 
[n 116m 
[135 
Na” 
At 

Kiln 
Fes? 

59 9 
Ho 166 
Na*4 
ys 
(5138 
Ni6s 
K* 
C}*8 
C138 
La! 
Ppris2 
Al*8 
[135 
Mn** 
Rb*8 
Cs 
T12 
Na* 
Rb* 


Half- 
life 


2.26h 
23.9h 
24.8m 
65d 
4.5h 
68h 
35d 
35.9h 
17.0h- 
60s 
2.3y 
36. 1m 
14.3h 
291d 
14.3h 
2.58h 
84d 
17.8m 
53h 
4.5h 
25m 
14.6m 
73d 
2.32h 
18.7d 
46d 
245d 
84d 
l6y 
2.56h 
112d 
5.27y 
54m 
6.75h 
2.60y 
109m- 
short 
45.0d 
5.27y 
27.3h 
14.90h 
3.77m 
32.9m 
2.56h 
12.44h 
37.3m 
37.3m 
40.3h 
19.2th 
2.27m 
6.75h 
2.58h 
17.8m 
37.3m 
3.1m 
14.90h 
17.8m 


‘rmal-neutron cross section of target 


T (st) = stable element. 


t 
€ 
§.1 


= complex spectrum. 


® abundant in ['*), 


Photon 
yield 


Production 
CTO88 
secltion* per 
(barns) or 
fission 
yield (% %) 


600b 

34b 
0.22b 15 
0.10b,6.3% 99 
0.7b,0.85 &% 100 
0.13b,6.1% 20 
15b,6.3% 100 
2.6b 
6.1% 100 
~s0 
13 


26b 


4.6b 

100 
3.4b 100 
13.4b 100 
12b 99.5 
0.14b 
l.1b 


0.004b 
0.20b,5.4% 
44b 
2.7 X 10*b 
0.7b 
0.9b 
0.5b 
12b 
4.2 10*b 
2.6b 
21b 
20b 
150b 
6.3% 


0.53b 


0.9b 
20b 
60b 

0.56b 

4.5b 


5.7% 

2.6b 

1.0b 

0.6b 

0.6b 

8.4b 
10b 

0.23b 

6.3% 
13.4b 30 
0.14b 

0.6b 47 

100 

0.56b 100 
0.14b 


atom, 


disinte- 


gration 


Daughter 


Xe!*?(st) 
Re!8? 

[ ‘4! 
Nb*® 
Rho 
Te” 
Mo" (st) 
Kr**(st) 
Nb” 


Ba'**(st) 
Biz"! 
Ge??(st) 
Cr**(st) 
Ge72" 
Fe**(st) 
Ti**(st) 
Sr®8(st) 


In'5(st) 


Br** 
Te?! 
Dy! (st) 
Ho'!*5(st) 
Sr*®*(st) 
Co**(st) 
Cu (st) 
Ti**(st) 
Gd'*4(st) 
Cu®(st) 
W '*2(st) 
Ni®(st) 
In!*6 

Xe 135,135 
Ne*?(st) 
K*(st) 


Co**(st) 
Ni® (st) 
Er l66™ 
Mg**(st) 
Cr®?(st) 
Ba!*8(st) 
Cu®(st) 
Ca*(st) 
A8(st) 
A*(st) 
Ce!*°(st) 
Nd'2(st) 
Si?*(st) 
Xelss 135m 
Fe5*(st) 
Sr**(st) 
A®*(st) 
Pb?°8(st) 
Mg**(st) 
Sr®*(st) 





FUEL REPROCESSING SERIES—3 


Treatment and Disposal 
of Fuel-Reprocessing 


Waste 


By JOSEPH A. LIEBERMAN 


Division of Reactor Development, U.S 


Present handling methods are gener- 


Studies 


MANY SCHEMES are now being studied 
for the 

posal of 
The major source of 
be the reprocessing of reactor fuels, as 
the 


treatment and ultimate dis- ally of a short-term nature. 


radioactive wastes. are being initiated of direct ultimate 


highly 


thess wastes will disposal systems, 1.€., disposal into 


specially selected geologic formations. 
articles in The primary objective of ultimate dis- 
posal is that the waste be (a 
mobile or inert form or (b) restricted in 


described in previous 


this series. * in an im- 


Several methods are under investi- 
a particular location for long periods of 
time so that in either case it will not 


constitute a biological hazard. 


gation for treating high-level wastes to 
enable their 
The most promising is the fixation of 
fission products in inert solids. 


safe, ultimate disposal 

Two major factors set the nuclear- 
waste problem apart from other indus- 
trial waste situations: 


1. We 


waste products for hundreds of years 


* “Fuel Reprocessing—1, Fuel Repro must control the radioactive 
essing by Aqueous Methods” (NU, Oct 
°67, p. 72); “2, Low-Decontamination and 


Volatility Methods” (Dec 57. p 44 


TABLE 1 — Radioactive Effluents from Process Operations 


y level 


This may be a longer period than the 


Source A ctivit Important constituents 


Gases 
Dissolving Moderate Kr, (1 


Particles, air, 


A particles, H 


Process vessels Low acids 


Ventilation Very low Particles, air 


Liquids 

First raffinate 
Later raffinates 
Used solvent 
Solvent washes 
Condensates 


Solids 

Filter cakes 

Gas-filter media 
Contaminated rags, pape! 
Contaminated equipment 


High 
Moderate 


Low 


Acids, salts, F.P.’s 
Similar to above 
Kerosenes, TBP, Is, Ru 
NaOH, Na.CO 

H.O 


Low 


Very le Ww 


Moderate 


Low 


high MnOsz, cyanides, SiO 
Glass, metal, asbestos, paper 
Chiefly cellulosic 


Metals 


Low 


Low 


Alomiu Eneray 


Commission, Washington, D. C. 


life of any political entity or corporate 
system, 

2. The extremely low concentrations 
of fission products permissible in man’s 
environment demand a much more 
meticulous control than do nonradio- 
active situations. 

These factors are complicated by the 
delayed, and therefore essentially un- 


known, long-term radiation effects. 


Waste Characteristics 


The various waste materials evolving 
from the aqueous processing (solvent 
extraction) of nuclear-reactor fuels are 
summarized in Table 1 (2). The very- 


high-activity aqueous waste stream 
from the first cycle of a solvent-extrac- 
tion process is the major source of high- 
level It is likely that for a 


number of years this will continue to be 


wastes. 


the case. 

Chemical and physical nature. As 
noted in previous articles in this series, 
existing solvent-extraction processes for 
plutonium production or for recovery 
of enriched uranium from U-AlI alloys 
are not necessarily those that will be 
used for reprocessing proposed fuels. 
Nevertheless, enough is known to make 
it possible to list approximate charac- 
teristics expected for first-cyvle wastes 
3), asin Table 2. These wastes con- 
tain substantial concentrations of ions 
In many 
limit 


other than fission products. 


cases such inactive diluents 


volume reduction by evaporation. 
Radioactivity. 
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Analyses (2-5) have 





been made of the future accumulation 
of radioactive wastes (fission and neu- 
tron-capture products) and of the re- 
sultant potential environmental hazard. 

Table 3 (2 
that would accumulate in a relatively 
modest nuclear-power program extend- 


shows the radioactivities 


ing over ten years and the activities 
that remain after a ten-year decay of 
this When these latter 
activities are compared with presently 


accumulation. 
drinking-water concentra- 
tions, it is apparent that even if critical 
isotopes suc h as sr? Cs!87 and Pu?*? 


could be quantitatively removed from 


aAcce ptable 


the waste stream, interim storage of 
the order of ten years would still be re- 
quired 

All workers in this field have sug- 
gested the desirability, under some 
circumstances, of removing Sr” and 
Cs'* from first-cycle waste streams (3). 
This presupposes: (a) that satisfactory 
ultimate-disposal systems for Sr and Cs 
b) that heat can be 


will be available, 


satisfactorily removed from fission- 


product concentrates and (c) that the 
remaining waste stream is sufficiently 
decontaminated to permit safe dis- 
persal to the environment or that other 
practical systems are available. Dis- 
persal to the environment automat- 
ically requires decontamination factors 
for Sr of 10° or greater and also that the 
isotopes remaining in the bulk stream 
decay in reasonable times (2-10 yr) to 
This, in turn, 
may be complicated by the possible 
presence of transuranics in the bulk 
stream. 


safe disposal levels. 


Predisposal Treatment 


Waste-treatment systems for use 
prior to ultimate disposal can be catego- 
rized as storage, evaporation, neutral- 
ization, precipitation, ion exchange, 
crystallization and fixation. 

Storage. Storage includes holdup 
of wastes to permit radioactive decay 
and, conceivably, long-term storage as 
an ultimate disposal system in itself. 


Storage-tank installation design and 


Waste May Be Treated in These Ways 


pace 


Seg 


Neutralizati¢ 


operation has been described by 
Platt (2). Figures 1 and 2 show a 
typical high-level-waste tank-farm in- 
stallation at Hanford and a close-up of 
a Savannah River tank. Table 4sum- 
marizes the costs of high-level-waste 
tank installations. These data empha- 
size the need to develop fuels and 
fuel-processing systems that result in 
smaller waste volumes. 

The limitations of tank storage 
should be noted. Tank construction 
cost is significant and the useful life is 
uncertain. At the present time, how- 
ever, it appears that tank storage will 
always be an important waste-handling 
step in an ultimate disposal system. 
Moreover, tank storage is the only 
available system possessing the required 
degree of containment and control. 

Stored high-level wastes release suffi- 
cient decay heat to enable self-concen- 
tration in the storage tanks. These 
tanks are generally equipped with re- 
flux condensers so that self-reduction 
of volume can be essentially cost-free ; 


Prior to Disposal 


Precipitation 





Evaporation 


lon exch 


# 


Crystallization 
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Solid fixation 


Land Disposal 
or 
Ocean Disposal 





Additional tanks 


Filter 


P 
~~ “Underground 
' disposal basin 
— Condenser 
Cyclone 
Storage tank 
Diversion box 


Drain-collection tank 


FIG. 1. Hanford high-level-waste storage facility. Fuel-processing wastes are 
stored in steel-lined, reinforced-concrete tanks. Condenser removes radioactive- 
decay heat. Diversion box routes wastes to tanks. Each tank has capacity of 


500,000—1,000,000 gal 


due to convection or movement 


solids may 


it has been estimated it neutral- 


ized Purex-type wastes create a local rising of 

which results in decreased hy- 
drostatic 
rising of the solution is accelerated by 
Pres 


sures up to 60 in. of water and vapor- 


reduced in volume by 
Certain 
been met in this reg 


waste, 


operational pressure and boiling. The 


ard lank pres 


sures slightly higher than atmospheric the vapor acting as a gas lift. 


can occur if the wastes boil uneven! 
Wastes at the bottom of the 
under sufficient hydrostatic pressure to average have been observed 
behavior can be controlled b 


tation of the tank contents 


tank ar evolution rates up to 50 times the 


) 
raise its boiling point by 


grees. Movement of t] 


Process 
Redox 
Purex 
Thorex 


Hexone-‘‘ 25” 

TBP-“ 25” 

Zirconium-KF 
for enriched U 


0.02 
Stainless steel- 
H.SO, for Vn 


enriched U 0.001 


* Wastes are untreated leave the solvent extraction plant 
evaporation, neutralizatior 
+ Waste volume per gra 
(0.14). 
t Basis for activity numb rradiation } od 4,000 Mwd/t for natural uranium, 5 
thorium, 53% and 100-day decay 
varies approximately a ind indirectly with the concent 


§ After 100-day decay, the energ listr ition is ~50% and 50% 8B. 


fission product removal, et« 


rse function of burnup, i.e., for hexone 


elements 


burn-up f 


84 


cooling from 


ation of fis 


Evaporation. Evaporation prior to 
storage 1s genera ly economic for reduc- 
ing storage volume 

The degree to which evaporation is 
carried out is limited in some instances 
by the percentage ol solids present in 
considera- 


the waste or by corrosion 


tions. Carry-over ol radioactivity to 


the condensate through entrainment 


must be carefully controlled since de- 


contamination factors of 10° or greater 


from feed to condensate may be 
required, 
Table 5 ; 


performance. Cost 


summarizes evaporator 
with 


summarized in 


experience 
waste evaporation 1s 
Table 6 (3). 
Neutralization. Neutralization is 
employed primarily to reduce corrosion 
When 


ized their solids content 


problems. wastes are neutral- 
is increased, 
and volume reduction by evaporation 


may be restricted. This in turn is re- 
flected in increased tank requirements 
and pe rhaps costs, depe nding upon the 
economic balance between materials of 
construction and tank size. 
Precipitation. Precipitation proc- 
esses are used to separate out the bulk 
diluents of aqueous-waste raffinates to 
reduction. It 
with 


noted 


permit greater volum«e 


in also be used in conjunction 


pI yposed 1On-eCX¢ hange schemes 


{ ppror 
concen- 


fration 


ml 


consumed 


ibject to further treatment 


burnup, the gal/gm 53/20 
sec, 4,000 gm | 

reactor discharge 
r fertil 


chain per ton of 
Waste 


material in the fuel, 


activity 
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Precipitation probably is finding its 
rreatest use in the recovery of specific 


fission products or the scavenging of 
the fission the bulk 
wastes. A can be suffi- 


ently decontaminated to permit dis- 


products from 


supernate 


osal to the environment under specific 
The latter application 
is probably reached its greatest cur- 
Hanford (2). The 


specint geologic and hydrologic condi- 


imstances 


rent 


refinement at 
tions there are the major factors con- 
tributing to its success. 
In waste-scavenging operations, pre- 
tates and pH control are utilized to 
remove the more hazardous radioactive 
erials from wastes prior to ground 
disposal. As Hanford, 


ferrocyanide is used as a carrier 


practiced at 


precipitate to remove Cs!*’, and inert 
um or strontium is added to aid in 


precipitating Sr®° as hydroxide and 


phosphate 
Although most of the metal ferro- 
ind ferricvanides are effective cesium 


gers, nickel ferrocyanide is rela- 


tively cheap and performs well at 
pH 7-10. The substantial decontam- 
ination factors (300—1,000) obtained at 
pH below 10 abruptly decrease at 

g pH 

Radiostrontium can be recovered 
I iline wastes with a wide vari- 
et ompounds. Since many wastes 
ontain metal ions whose hydroxides 


ssphates are insoluble, merely 


zing these wastes effects con- 


ble strontium decontamination. 


\ tional strontium decontamination 
ybtained with the further pre- 

tion of insoluble materials. In 

ar, calcium and _= strontium 
ssphates are very effective scaven- 


for radiostrontium. Decontam- 
factors of 450 
achieved for Sr, 
tonium chemistry is 


relatively een hy- 


have been 


also char- 


d by 


es, sulfates and phosphates. 

is is in the case of strontium, 

tralization results in appreciable 
ntamination., 

| precipitate formed during scav- 


operations is allowed to settle 
lge in the underground storage 
nk The ~90 % of the 


volume of untreated wastes 


supernate 
lecanted to a ground-disposal facility 
residual activity is removed by 


take on soils. 

[vpical plant-scavenging results are 
shown in Table 7. 

The total cost of waste-scavenging 
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FIG. 2. 


conditions (ground-water proximity, population, etc.). 
Cup-and-saucer arrangement provides for leakage 


Tank capacity is 750,000 gal 


waste below boiling point. 
collection. 


activities, including the costs associ- 
ated with ground disposal of the super- 
cents/gal 
Approxi- 


1% of this was expended on 


nates, have averaged 5-6 
of storage spa Ee recovered. 
mately 


waste-scavenging chemicals. 


lon-exchange. lon-exchange tech- 
niques have also received some atten- 
tion for treating high-level waste. The 


radiation damage to the resins must be 
considered. Continuous ion-exchange 
systems have been suggested to control 
the loss of ion-exchange capacity. 

A scheme for treating aluminum-ni- 
described (6), 
mixed with caustic 


trate waste has been 
Waste solution is 
to carry on ferric-hydroxide precipitate 
99.9% of the rare earths, 99% of Sr, 
75-90% of Zr, Nb and Ru but none of 
the Cs. If there is no iron in the waste, 
it is added. A 400-fold reduction in 
waste is expected. The Cs is 
rated from the precipitation supernate 
Cs is eluted with 


sepa- 


by cation exchange. 
HCl and evaporated. 
nated sodium aluminate is discarded or 
precipi- 


The decontami- 


aluminum hydroxide can be 
tated with COs.. 


contain aluminum, ammonium hydrox- 


If the waste does not 


ide is used instead of sodium hydroxide, 
and the waste from ion exchange after 
Cs removal can be treated with lime 
and the ammonia recovered by boiling. 
This scheme is currently under investi- 
gation. 
Crystallization. has 


Some work 


Storage tanks at Savannah River Plant are similar to those at Hanford 
(Fig. 1) except for heat removal and construction details required by environmental 


Coils remove heat to keep 


been done (2) on the application of 
the 
of aluminum 


crystallization phenomena (i.e., 


differences in solubility 
nitrate in hot and cold 70% nitric acid) 
to aluminum nitrate wastes. 

Such 
3.5M and decontaminated in three suc- 
Decon- 


wastes were evaporated to 
cessive crystallization cycles. 
tamination factors were 10-60 for the 
first cycle and up to 2,000 after the 
third cycle. Recovery of aluminum 
nitrate was 80-95%. 

Although 
300-500 are indicated as possible from 


pilot-plant results, this appears to be 


concentration tactors ol 


optimistic. 


Solid Preparation, Fixation 


Because of the inherent limitations 
of tank storage as an ultimate-disposal 
system, many workers have pursued 
systems for converting high-level liquid 
wastes to a solid-oxide form or for fixing 
the radioactivity in an inert, nonleach- 
able solid carrier. 
Conversion to oxide. 


wastes 


Conversion 
of aluminum-nitrate from 
aqueous processing of U-Al alloy fuels) 
to an oxide form has been studied at 
Argonne Brookhaven National 


Laboratories and the Idaho Chemical 


and 


Processing Plant. 
At ANL and ICPP, 


technique has been utilized with nitrate 


a fluidized-bed 


conversion temperatures of 400 500° C 


7). Pilot-plant work is 


presently 


85 





being carried out in a 2-ft-square 
(100 I/hr) unit recently completed at 
ICPP, 
Fluor Corp.) of a prototype fluidized- 
bed plant is underway. 

At BNL, a small-scale rotary-ball kiln 
has been used as the fluid-solid contac- 
tor. Nitrate-to-oxide 
been carried out at temperatures up to 
950° C. 

Hatch and his group at BNL have 
proposed a two-kiln unit for conver- 
sion to oxide. The first ball-kiln sec- 
tion would operate at about 650° F to 


and engineering design (by 


conversion has 


evaporate the waste solution and de- 
compose the nitrates in the powder 
Metal balls would prevent agglomera- 
tion and would produce a free-flowing 
solid product. The second kiln unit 
operating at about 1,300° F, would be 
used to convert the fluorides of alumi- 
num and/or zirconium to oxide by 
hydrolysis. 

Also at Brookhaven 
Hittman have proposed calcination of 
aluminum-nitrate wastes in a screw- 
type calciner. A fluxing agent 
nitrate is present in these wastes) en- 
fused salt 


Manowitz and 


(sodium 


ables the production of a 
that is solid at room temperature and 
free-flowing at 300°C. Volume reduc- 
tions of 3/1 over concentrated aqueous 


wastes are possible. It is proposed 
that the material be cast in convenient 
sizes or shapes to facilitate heat re 

moval during storage. 

One of the more important problems 
associated with the conversion-to-oxid« 
that of 
radioactive particulate material during 


schemes is control of highly 
fluid-solid-contactor operation and dur- 
ing transportation and storage of thi 


Workers at ICPP ar 


consideration to th 


solid product. 

detailed 
off-gas and air-cleaning aspects of th 
fluidized-bed 
remote 


giving 
approach. Corrosion 
maintenance and decay heat 
are also major considerations. 

The solubility of some fission-product 
oxides is a disadvantage in ultimate 
storage. Careful selection of a geologix 
disposal site is one possible solution 
Another approach involves leaching ol 
the oxide product to remove the solubl 
fixing the 


An ad- 
vantage in this technique is the possible 


radioactivity followed by 


leach solution in an inert solid. 
economic recovery of useful fission 
products. 

Extensive leaching studies have been 


BNL. Work is 


fixing the 


how 


leach 


carried out at 


underway there on 


solution in montmorillonite clay. 


At ICPP, Grimmett has used 


TABLE 3— Accumulation and Decay of Fission Products 


Half-life Accun 


Nuclide ! uc/n 


$89 

Sr 2 

y* 0.159 
Zr® 0.178 
Nb*® 0.096 
Ru!° 0.110 
Ru! 1.0 
Te!” 0.090 
Cs137 30 
Ba'#° 0.035 
Cel4! 0.088 
Pr'43 0.038 
Cel 0.780 
Nd! 0.032 
Pm!“ 2.6 
Sm"! 80 

Pu§ 2 X 104 
U§ 7 X 108 


30,000 Mw. 
gallons. 

t+ Microcuries per milliliter after an 
lation. 

t Ten per cent of Handbook 52 maximun 


microcuries per 


Expressed as 


§ Assuming 1% losses for arbitrary operatin 


{ Less than 0.1 MPC 
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ilation* 


Residualt 
pe/ml 


0.1 MPC} 


49 
3.0 5 X 10 
5 X 1073 x 1076 


> 


* Accumulation in ten years by power program starting at 2,000 Mw and increasing to 
milliliter assuming a waste volume 1.5 x 10 


additional ten-year decay of the ten-year accumu- 


permissible values for concentration in water. 


g conditions. 


pulsed-solvent extraction-column tech- 


niques in a unit in which solids and 


leaching liquid counterflow on con- 
tinuous basis The unit also appears 
iseful for ion-exchange systems 
Fixation in inert solids. Probably 
the earliest work on fixing radioactivity 
in stable 


Hatch and co-workers with montmoril- 


solid media was done by 
onite clay. 

The initial mechanism in this scheme 
is ion exchange. The cation-exchange 
apacity of the clay is 1-1.5 milliequiv- 
Subsequent heating of the 


1,000° C 


alents/gm 
lay to about fixes the activ- 
ity, apparently by collapsing or ce- 
menting the original plate-like crystal 
structure of the clay. 

A pilot 
feasibility of clay fixation has been op- 


erated at BNL. 


investigating 


plant to demonstrate the 
Present work involves 
15-ft 


decontamination 


clay columns to 


obtain high factors 


for Sr® from leach solutions. 


bulk 


e.g., aluminum and zir- 


For effective clay fixation, 


inert cations, 


conium, must be separated from the 
fission-product ions in a pretreatment 


step. 


Where nitric acid is involved 


Purex), its removal by volatilization 


and electrolysis with perm-selective 
ion-exchange membranes shows prom- 
ise—reductions to <0.08M have been 


obtained. Conversion to the oxides 
followed by leaching may also be con- 
sidered for separating the inert from 
the active ions. 


Oak 


pre cess of 


Struxness and co-workers at 


Ridge are investigating a 


mixing high-level wastes with Cone- 


sauga shale, limestone and soda ash 


and allowing the decay heat to fix the 
600 
Very high concentrations of 


activity in a mass at 


900° C 


ceramic 
would be required to 
heat 
gallon to self-sinter 
within With 
aluminum wastes, about 34,000 Btu 
gal of finished cake are required. 
Other 


radioactivity 


provide an initial evolution of 


several watts per 


reasonable times. acid 


workers are investigating 
similar fixation processes utilizing ex- 
ternal heat sources. These involve the 


mineral nepheline syenite (Durham 


et al., 
aluminosilicate earth material (Lower 


Canada); a naturally occurring 


Greensand) and various glass formula- 
tions (Amphlett et al., England); natu- 
rally occurring clays (Christenson, 
Thomas, et al., Los Alamos); and syn- 
thetic In all of 
these with 


powders or slurries of the carrier mate- 
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mica (Cohen, France). 


processes, wastes mixed 





TABLE 4— Capital Costs of Radioactive-Waste Storage Tanks 


Internal 
c ooli ng 


Total 


cost($) 


Capacity Year Material of Reflux 


Comments 


Installation (gal) 


600,000 1952-54 


n el waste 


level waste 1,000,000 1954-5! 


vel waste Bids 


1,000,000 


hot semi- 30,000 1951 


318,000 1951 


gh-level waste 


300,000 1954-5! 


high-level waste 


high-level spe- 30,700 1954 


nterim 


pit for interme- 5,000,000 
l€ vel 


constructed 


construction provided condensers 


Carbon steel 


Carbon steel, 
concrete 
Carbon steel, 
concrete 
Stainless-steel 
liner 

Stainless steel, 
concrete 
Stainless steel, 
concrete 

316 stainless 
steel 
Asphalt lining 
in earth pit 


Avg. 1,080,000 


Avg. 403,000 


Neutralized waste only 
Neutralized waste only 
172,000 
83,090 


Stores acid raffinates 


546,415 


869,390 Stores acid raffinates 


255,000 Interim storage of acid 
fluoride and sulfate 
wastes 

700,000 Not in use; still being 
studied 





heated to 800—-1,300° C. Flux- 
such as sodium nitrate or 
carbonate, are also used. 


pe nts, 


idvantage of such systems is 
y are not specifically dependent 
on-exchange capacity and there- 
with the 
interference of inert con- 


ire not confronted 

em ol 
stituents. Also, they approach what 
appears to be the most nonleachable 
such materials—waste 


rl t 
orm ol 


con- 


ents chemically incorporated in 
crystal structure of highly inert 
als, 
atter has led to the proposal by 
Patrick (Johns Hopkins) to fix wastes 
1 synthetie’feldspars. Since the feld- 
var form of the alkaline-earth metals 
highly insoluble, nuclides such as 
ntium or cesium in the feldspar 
vould represent an optimum dis- 
form. The product of a conver- 


to-oxide plant is dissolved in 
to form a sodium aluminate (in 
ise of an  aluminum-bearing 
mixed with sodium silicate to 
hydrogel, and then dried and 
form a feldspathic mineral of 
pe M.O-Al.0;48i0+. To get the 
80% of the 
amount of caustic is 


in forming the sodium aluminate 


lline structure, 


ometric 


and 20 % of the sodium is removed from 
the sodium silicate by ion-exchange. 
With zirconium-bearing wastes, 
loidal added to nitric-acid 
waste solutions to form a gel. Drying 
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col- 


silica is 


and firing form a crystalline structure 
equivalent to zircon, ZrSiO,. 

At MIT, the group under Eliassen is 
studying the improvement of the in- 
solubility characteristics of fired waste 
oxides by the addition of vitrifying or 
glazing agents. Glaze formulations of 
the type Al.O;-CaO-SiO. and AI,O;- 
CaO-SiO.-borax with fusion tempera- 
tures 1,250° C 
investigated. 

In all of the fixation processes where 


up to have been 


relatively high-temperature firing steps 
are involved, problems associated with 
volatilization of certain nuclides (ce- 
sium for example), control of ruthe- 
nium and active aerosols and others 
yet to be 


(such as corrosion) have 


solved. In fact, engineering develop- 
ment and pilot-plant operation have 


yet to be done for the most part. 


Ultimate Disposal 


Compared to the research and de- 
velopment effort directed toward waste 
treatment, very little has been done in 
the direction of ‘‘engineering”’ ultimate 
disposal systems. 


Although developmental work in 
this area is just getting underway, 
there has been very useful analytical 
consideration of the problem. Certain 
tentative conclusions can be made: 

1. The possibility of safely dispers- 
ing large quantities of radioactivity in 
Besides, 
‘contain and con- 


the environment is remote. 
other nondispersing, 


trol” systems appear to be preferable 
from both the hazard and engineering 
standpoints. 

2. Possibilities 
certain geologic environments for the 


appear to exist in 
permanent deposition of aqueous or, 
preferably, solidified wastes. 

3. Much research remains to be done 
before even developmental field-scale 
experiments can be performed. 

Land disposal. Preliminary evalu- 
ations (8, 9) indicate the 
feasibility of direct disposal of high- 
level into 
formations. It may be practical ulti- 
mately to dispose of the wastes (pos- 
sibly without pretreatment) into such 
formations as: 


technical 


wastes specific geologic 


1, Spaces prepared by dissolution 
or mining in salt domes or salt beds. 

2. Deep, isolated synclinal basins 
(4,000—15,000 ft deep) containing con- 
nate brines. 

3. Excavations in shale formations. 

4. Porous 
stone. 

In addition, the possibility of using 
the “hydrofrac’’ technique of secondary 
petroleum recovery in certain geological 
formations has also been suggested. 

The two major problems associated 
with such direct disposal schemes ap- 
pear to be (a) the physical and chemi- 
cal compatibility of the wastes and the 
geologic-formation material and (b) 
control of thermal heat due to radio- 
active decay. Recent calculations and 


87 


formations, e.g., sand- 





analytical work at ORNL and the 
University of Texas tend to reduce 
the supposed severity of the thermal- 
heat situation, but quantitative con- 
clusions remain for the future. 
Disposal into 
pears, at the present time, to be the 
best possibility. 


salt structures 


ap- 
Substantial salt de- 
posits are fairly well distributed in this 
country. Considerably 


more sait 


mined annually than the 


future production of high-level wastes 


expected 


Also, in recent years, considerabl 


experience has been i cumulated by 
the gas-storage industry in construct- 
ing, by dissolution proc 


cavities of hundreds of 


sses, storage 
thousands ot 
Salt structures rep- 


gallons capacity. 
resent a particularly uniform geologi 
environment and are dry, imper 

to water and not associated with use- 
They be- 


have as plastics under load and may 


able ground-water sources. 
therefore, be considered a kind of ‘‘s« lI- 
sealing’’ storage tank. Heroy (8) has 
made a preliminary study of salt for- 
Gloy na I 


a number of 


mations for this purpos¢ 

of Texas) has carried out 
laboratory experiments related _ pri- 
marily to structural stability of salt 
He has also calculated heat 


generation and its effects 


cavities. 


TABLE 5 — Evaporator and De-entrainer Performance 


Vapo -filtration, 


vapo -“COn pre SSion 


Unit 


cyctone 


Boilup (lb/hr /ft?) 87 


Decontamination factor (pot 
condensate) 
Volume-reduction factor 


Concentrate (% solids 
€ 


separator 


Double 
effect with 


Forced- ire ilation, 
flash-t /pe, 


4 bubble -cap trays reflux 


20 


5.5 & 108 


0.2 





For deep-well disposal it 
that 


e.g., dilution, complexing agents) will 


appears 
likely considerable pretreatment 
be required to prevent plugging of the 
receiving formation. Plugging might 
also be eliminated by hydraulic frac- 
turing of the formation. However, the 
migration of the radioactive materials 
must be controlled. 

In the case of ‘‘ abandoned oil wells,’ 
the the 


saline water normally contained in oil- 


waste would be denser than 
bearing beds (provided the decay heat 
does not produce convection currents). 
Instead of the 
of anticlines. the waste would tend to 


Also, 


with the development of new and im- 


concentrating in tops 
sink to the bottoms of synclines. 


proved methods for secondary recovery 


ol petroleum products, it becomes 
increasingly difficult to define what is 
meant by ‘‘abandoned”’ oil well. 

It has been noted that the removal 
of cesium and strontium might be an- 
other approach to the thermal problem. 
Decontamination factors required in 
this case would be substantially smaller 
than those required if the remaining 
wastes were to be dispersed into the 
environment. Also involved are chro- 


matographic effects or selective ad- 
sorption or concentration of radioac- 
tivity in the formation material. In 
general, it appears that the details of 
heat generation and dissipation can 
only be quantitatively defined through 
prototype field experiments. 


Ocean disposal. Oceanographers 


TABLE 6— Summary of Selected Waste-Evaporation Costs : 


Unit 


Oak Ridge Na- 10° §d/m 
tional Laboratory 2 vears or older 
Idaho Chemical 107-109 d/mi 


120 days 
:. Highly 


level solvent- full level f 


Plant 
Mound Lab high- 


extraction raffi- 
nates (estimate 
Westinghouse 
Atomic Power 
Division low- 
level concen- 
tration 
Brookhaven low- 1952 ow level 
level evaporator 
Knolls Atomic 
Power Labora- 


1950 


tory low-level 


wastes 


* Includes amortization: 10 yr for 


d as 


oole 


salted a 


Installation 
Nominal cost 
capacily Ss 
15,000 building 
15,000 equipme 


ml 300 gal/hr 
as condensate 
ml 350 gal/hr 150,000 equipm« 
300,600 building 
200,000 building 
200,000 equipm«e 
800,000 building 
800,000 equipme 
13,000 building 


-ondensate 

100 gal/hr 

as feed 

b. 1,000 gal/hr_ b. 
as feed 
1,600,000 gal/yr 


as condensatet 


367,000 gal/yr 92,900 building 
as feedt 
$500 gal/day 324,000 building 


as feedt 


building, 5 yr for equipment, 300 days/yr. 


t Actual processing rate rather than nominal capacity. 


71,100 equipme 


204,400 equipme 


\ pp OLi- 
Operating mate tota 


costs cost 


$/gal $/gal Reference 


0.054 0.06 ORNL-1513 


0.149 W. G. Stockdale 


1. 0.169 MLM-672 


b. 0.037 0.069 


0.023 0.035 


570,000 equipment 
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TABLE 7 — Typical Plant Scavenging Results* 


Scavenging agent 


0.0025M NisFe(CN), 


0.0025M NisFe(CN). + 0.03M Ca(NQOs)> 
0.0025M NisFe(CN), + 0.004M Sr(NO;), 


* 


strontium 


Aqueous waste originally contained 0.2M phosphate, 20-80 yu 


Decontamination factor 


Cesium Strontium 


50-150 
100-300 
250-700 


200—1,000 
200-1 ,000 
400—1,000 


ml cesium and 30-100 





have pointed out that the dilution or 
diffusion mechanisms in large masses 
of the ocean are quantitatively unpre- 
é In addition, the degree of 
entration of radioactivity in 

ne life and the long-term ecologicai 
ations are uncertain. These un- 
considered with handling 


transportation problems, lead to 


iinties 


couraging picture of large-scale 
Craig (10) concludes 
that on a theoretical basis the wastes 


ocean disposal. 


of a predicted nuclear power economy 

be safely assimilated by the sea. 

ver, he does not consider the engi- 

ng problems. An important fac- 

consider is the complete loss of 

| of the waste once it is disposed. 

In view of the long-term implications, 

the preference for nondispersing sys- 
tems is strengthened. 


Other Considerations 


There are ancillary problems in ulti- 
ite disposal that must be included 
These in- 
clude economics of optimum waste- 


over-all evaluation. 


storage time versus shipping distance 


to a disposal point (3, 5) and the loca- 


tion of chemical reprocessing plants 
with respect to reactors that they serv- 
ce and suitable waste-disposal sites. 
In turn, administrative problems are 
factors as trans- 


introduced by such 


nort 
Do! 


Since very little operating ex- 

ce is available, many questions 
irding the regulatory, hazard-con- 

nd emergency requirements for 
pment of large quantities of radio- 
tive materials remain to be specifi- 
inswered. 

Removal of specific fission products. 
Separating out specific isotopes, partic- 
Sr®*° and Cs!%’, would facilitate 
the disposal of high-level liquid wastes. 


ularly 


Work being done on the recovery of 

from waste 

streams has been noted previously. 
The important point to be made 


fission products 


useful 


here is the distinction between the re- 


cove 


ry of specific fission products for 
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whatever useful purpose and the re- 
moval of specific fission products as 
a waste-disposal technique. Processes 
for accomplishing the former are pres- 
ently available and in use. Processes 
for accomplishing the latter are still in 
the early stages of development. 
Pyrometallurgical and volatility 
process wastes. In general, the state 
of process development in pyrometal- 
lurgical volatility nuclear-fuel 
reprocessing is not sufficient to describe 


and 


in detail the fission-product wastes that 
will be associated with these process 
schemes. 

As Anderson has noted in the previ- 
ous article in this series (NU, Dec. ’57), 
the salt the 
process are in the desired direction of 


residues of volatility 
high-level-waste solidification in inert 
carriers. The same generally holds 
true for pyrometallurgical and other 
low-decontamination-factor processing 
systems. However, although the fis- 
sion products may be more concen- 
trated in the waste streams coming 
from these systems, they still do not 
solve the ultimate-disposal problem. 
The waste problems associated with 
these processes differ in degree but not 
in kind from those involved in present 
aqueous processes. 

Gaseous wastes. From the stand- 
point of waste control during reactor 
and processing-plant operation, I'*' is 
by far the most significant of the gase- 
ous fission-product wastes. From a 
long-term standpoint, other important 
gaseous wastes are krypton and to a 
much lesser extent I'*°, 
removal from 


Continuous iodine 


gaseous-waste streams has been de- 
veloped to a degree satisfactory for 
processing fuels that have been cooled 
for 60-120 days and for processing 
plants in present relatively isolated 
areas. Complete iodine removal or the 
control of when 
short-time-cooled fuel 
mains to be developed. 


Highly contaminated particulates or 


iodine processing 


elements re- 


aerosols are produced in chemical re- 
processing, particularly by alpha-active 
materials (1/). 
cluding high-efficiency filters and deep- 


Control systems, in- 


bed fiber units, have been developed. 
Silverman (12) and Schmidt (2) have 
For 


are 


described these systems in detail. 
example, filters 
capable of collecting 99.5% of particles 
0.3 diameter. At the 
present time, such filtration is some- 


high-efficiency 
microns in 


what limited to temperatures below 
500-600° F. Filtration at higher tem- 
peratures requires further development 
work, although ceramic fikers of 50% 
Al.O; and 50% SiO. (Fiberfrax) are 
promising. 


* - 7 


In addition to the references cited below, 
the author has made extensive use of the fol- 
lowing sources: Symposium on the Reproc- 
essing of Irradiated Fuels, Brussels, May 57, 
(published by the AEC as TID-7534); ORNL 
CF-57-3-114 (Rev.), the initial draft of a 
report to be published by the Committee on 
Disposal and Dispersal of Radioactive Wastes 
of the National Academy 
National Research Council; report of a 
special committee of the Division of Earth 
Sciences of the NAS-NRC; minutes of the 
meeting on fixation of radioactive materials 


held at The Johns Hopkins University (1957). 
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> xe : 
Pa fe eee 


COLUMBUS Il is a linear discharge device fed by 25 low-inductance con- 
pensers located in a circle around it 


PERHAPSATRON S-3, small toroidal apparatus, has 
reached 5 X 10° °K 


The wraps come off these pinch-effect devices as . . . 


United States and Britain 


The declassification of certain data on controlled 
thermonuclear power last month by the U. S. 
Atomic Energy Commission and the U. K. Atomic 
Energy Authority brought to a conclusion an- 
other phase in the short but strange history of 
this new technology. With its short-term pros- 
pects exaggerated through ignorance born of the 
cloak of secrecy in which it has been wrapped, 
fusion work has now been forced partly out into 
the open by political considerations. The pic- 
ture revealed is one of a field still very much in 
its infancy. 

Although research on fusion power goes back 
to 1952, public acknowledgment of its existence 
did not come until the 1955 atoms-for-peace 
conference when Homi Bhabha’s prediction of 
its eventual achievement was followed by 
revelation by the U. S., U. K. and U. S. S. R. 
that they had programs in the field. 

Nothing very much more was said until the 
Russians scored a propaganda triumph when 


CONTROL ROOM for ZETA (Zero Energy Thermonuclear Assembly) 


Igor Kurchatov delivered his now-famous lec- 
ture at Harwell in April, 1956, on Soviet 
pinch-effect experiments (NU, June ’56, p. 36). 
Later that year, at a Stockholm conference, 
the Russians revealed further details of their 
work. 

Meanwhile, the U. S. and the U. K. were 
struggling, first, to work out an agreement on the 
sharing of fusion data and, second, to determine 
what, if anything, should be declassified on the 
subject. 

The eight papers released simultaneously 
on Jan, 24 by the U. S. and the U. K., and re- 
ported on here, represent the first substantial 
Western declassification of data. They make 
clear that no scientific breakthrough has been 
achieved. Rather they indicate that steady 
progress is being made—plasmas have been 
confined for short periods of time and tempera- 
tures sufficient to produce thermonuclear neu- 
trons approached. 


GLASS TORUS of Perhapsatron S-3 

























ZETA is much larger than U. S. machines; aluminum discharge 


tube has 1-meter bore 


THOUGH THERE Is still no certainty 
that a power-producing thermonuclear 
reactor can be built, prospects seem 
last 
leclassification of pinch-effect research 
in Britain and the U. 8. 
ersions of the scientific reports are 
given at the end of this article.) Not 
only have temperatures of 3—6-million 


brighter as a result of month’s 


(Condensed 


degrees been achieved but the totally 
onized plasma has been stabilized and 
for times that 
range as high as 5 milliseconds. This 
is still far from the 400-million-degree 
temperatures and few-seconds pinch 


successfully confined 


} 
| 


duration required for power produc- 
tion, but gives grounds for optimism. 


Pinch-Effect Devices 

While the papers say nothing about 
the several other approaches to thermo- 
nuclear power that are being pursued 
in the U.S., the disclosures are regard- 
ing the pinch effect quite complete and 

er experiments up to December, 
1957. Unveiled are such devices as 
Los Alamos’ Columbus I and S-4, and 
Perhapsatron S-3 as well as Harwell’s 


ZETA (Zero Energy Thermonuclear 
Apparatus). Basically all the devices 
employ a high-current discharge 
through low-pressure highly-purified 


deuterium gas to produce the contrac- 
tion and consequent heating that is the 
pinch effect. In this respect they 


ire like earlier pinch effect devices 
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Device 











PINCH EFFECT DEVICES 


Laboratory 





UNVEILED 


Pinch 
Typical Ds current 


Geometry pressure (u ka) 








ZETA Harwell Toroidal 0.25 150 
SCEPTRE-Ii AEI, Ltd. Toroidal 0.5 200 
Columbus-ll Los Alamos Linear 100 1,000 
Columbus S4 Los Alamos Linear 40 250 
Perhapsatron S-3 Los Alamos Toroidal >30 200 





Reveal Fusion Advances 





(1-5). The something new that has 
been added is the use of longitudinal 
magnetic fields to stabilize the pinch. 
This principle has been hinted at (6) as 
the next step in pinch-effect research 
but not revealed before this. 

The British papers describe two large 
toroidal machines of which ZETA is 
the more important. It is built on a 
much larger scale than the American 
toroidal pinch device Perhapsatron 8-3. 
For example, the bore of the British 
torus is | that of the 
American pinch machine is 5.3 em. 


meter while 


Neutron Production 

All the machines described (7-13) 
have produced neutrons from fusion 
reactions. In particular ZETA and 
Perhapsatron 8-3 have both produced 
about 10° neutrons per discharge. At 
first this seems surprising in light of 
the striking size difference between the 
two devices, but it can be explained. 
The British chose to operate at lower 
pressure than the Americans (10-4 mm 
Hg as opposed to 10-7? mm). Now 
the reaction rate per unit volume is 
given by !4n*(ov)ag, Where n is the 
density of duterons and (av) yz is the 
average of the reaction probability 
over the Maxwellian distribution of 
velocities, a function of temperature 
only (14). both ZETA and 
Perhapsatron 8-3 have achieved com- 
parable temperatures, (cv)avg is the 


Since 





same for both machines. This means 
that the Los Alamos device, with its 
100% greater pressure will produce 
neutrons at 10,000 the rate per unit 
volume, enough to the 
much greater volume and confinement 
time of the British machine. 

However, in spite of some impressive 


compensate 


evidence there seems to be residual 
uncertainty as to whether these neu- 
trons are truly thermonuclear. 

To be truly thermonuclear the neu- 
trons should be the product of fusion 
reactions between deuterium moving 
at random in the heated plasma. Un- 
fortunately, it is also possible to have 
neutrons produced by deuterons mov- 
ing in a directed fashion as the result of 
acceleration mechanisms that are asso- 
ciated with the pinch effect. Such false 
neutrons have been observed by most 


groups doing pinch-effect research, 
usually as a result of acceleration 
mechanisms associated with insta- 


bilities in the pinch. Thus it is signifi- 
cant to have a device that produces 
thermonuclear neutrons if only because 
its additional evidence that the ma- 
chine is stable. More importantly 
thermonuclear neutrons would, by defi- 
nition, be evidence that the discharge 
was in approximate temperature equi- 
librium. One can then hope to extra- 
polate to higher temperatures by ap- 
propriate scaling laws. 

The evidence that the neutrons from 
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the devices just unveiled are thermo- 
nuclear is principally the fact that the 
numbers of neutrons agree with what 
would be expected theoretically from 
a plasma at a temperature that is given 
by other 
spectroscopic and 


measurements principally 
How- 
ever, the neutron fluxes have been 
insufficient to permit the one clinching 
experiment, namely, the measurement 
of the energy spectrum of the neutrons 
to determine whether they are in fact 


magnetic. 


created by deuterons moving at 
random. 


experiment with a linear device in 
which several types of evidence pointed 
to thermonuclear origin for the ob- 
served neutrons. However the crucial 
measurements of neutron spectrum 
using photographic plates showed that 
the neutrons were due to accelerating 
mechanism. Colgate concludes that 
“the denial of the optimistic conclusion 
of a thermonuclear yield despite so 
many favorable results was indeed a 
sobering experience. . . . It is there- 
fore tentatively suggested that a ther- 
monuclear yield cannot be proven by 
simply a large number of corroborating 


By Colgate’s criterion one is forced 
to conclude that the neutrons observed 
in the newly declassified experiments 
are not certainly thermonuclear, though 
they might be. 


Spitzer’s Paper 

An interesting light is cast on the 
whole series of thermonuclear devices 
here reported by a simultaneously re- 
leased paper by Lyman Spitzer, Jr., 
head of thermonuclear research at 
Princeton University’s Project Matter- 
horn. Spitzer points out that ‘‘elec- 
tron-ion collisions are inadequate to 


As if to point up the need for caution 
in this regard the release of information neutron 
includes a paper from S. Colgate’s 
group at Livermore in which there is 


related the results of a_ pinch-effect 


measurements but 
must in addition be in agreement with 
a basic understanding and with meas- 
urements of the plasma physics.” 


instead explain the observed rate of heating, 
and some unknown mechanism would 
appear to be involved.” In particular 


in ZETA temperatures of 3.3 K 10°°K 





An Editorial 


The Perils of Secrecy 


One of the most humiliating examples of the harm 
that secrecy can do came last month on the occasion of 
the simultaneous release of fusion data by the United 
States and the United Kingdom. 
very dramatically that scientific research that has great 


It was demonstrated 


potential for peacetime application can’t be bottled 
up by classification with the expectation that undis- 
torted, unpressured, normal scientific activities can 
still be carried out. 

Instead there is a spiraling buildup of false hopes 
among outsiders, technical and nontechnical, and even 
among insiders, about the significance of every bit of 
progress made along the way. Those working on the 
project feel these pressures and frequently find them- 
selves striving for unrealistic goals. 

This was what happened in the field of thermonu- 


cleonics. 


Work on fusion was originally classified for two rea- 
sons: military and, reportedly, economic. In the latter 
case, some felt that a tremendous new economic force 
might be produced and that we would not tip our hands 
to others. 

In the military justification, it was stated by AEC 
that “it appears that any thermonuclear reactor will 
be a substantial neutron producer capable of producing 
substantial quantities of special nuclear material.”’ 

Now—last month 
fusion data has been taken that essentially says that 


a first step in declassification of 


the economic argument for secrecy no longer makes 
sense because of the long-term nature of the develop- 
ment. And also that there is less reason for the mili- 
tary argument, which is borne out by the fact that the 
information released gave great emphasis and details 
on the production of neutrons. 

In the meantime, however, harm has been done to 
the program and to the morale of scientists working in 
it. The Americans suddenly found themselves thrust 
into a situation where they were overtly competing with 
the British. The Harwell team had last summer pro- 
duced what it thought might be thermonuclear neu- 
The scientists had the desire to publish their 

At least some Americans felt that if there was 


trons. 
results. 
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to be any publication the U. S. should have thermonu- 
clear neutrons to talk about also. And so the rush was 
on to do just this. 

While this behind-the-scenes race was going on, the 
impression became current that the British had 
achieved a major scientific breakthrough. 

Then came the anticlimactic bilateral announcement 
last month that both countries thought they had pro- 
duced thermonuclear neutrons. Although very im- 
pressive and important scientific work has been done 
on both sides of the Atlantic, there is real doubt that 
any milestone has been achieved that will go down in 
history as has the discovery of fission and the develop- 
ment of the first selfsustaining chain reaction. Nor 
is there even any evidence that the development of a 
thermonuclear reactor is assured. 

Although the scientific papers released clearly show 
that neither the U.S. nor the U. K. is further advanced 
than the other, one thing that is clear is that the spec- 
tacle that both teams have just gone through—the 
scientists, the administrators and the policymakers 
was a humiliating and disconcerting one, one that 
needn’t have been except for the secrecy that covered 
the work. Were it not for secrecy, presumably the 
work would have been reported on in a normal manner 
in scientific circles as other science is, and there would 
have been no psychological buildup to the point where 
an “‘event”’ had to be created as an occasion for the 


release of data. 


Unfortunately, the U. S. may not be seeing the lesson 
inherent in the present situation and may be building 
up to another letdown at the Geneva conference later 
this year. Apparently, considerable additional fusion 
data is being withheld for Geneva with the hope of 
making great impact there. Once again, the scientists 
must “*produce.”’ 

Whenever we engage in scientific olympic games of 
this type, we can’t help but inflict requirements upon 
ourselves that may hurt us more than they help us. 
Science should be conducted in an atmosphere of free 
and open inquiry and results should be reported as nor- 


J.D.L. 
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were reached in 1 msec whereas theory 
15) would require 4- msec at least. 
Spitzer concludes that “there does not 
appear to be any simple model, based 
on a quiescent plasma, which is con- 
sistent with the observed rapid heating 
of the positive ions.” He suggests the 
possibility that cooperative phenom- 
ena, such as oscillations in the plasma 
sheath, may provide an explanation 
and calls for further investigation of 
such effects. 

Conceivably such more fundamental 
study of pinch phenomena would pro- 
vide insights that would point the way 
to successful power-producing ma- 
chines, but it is also possible that it 
would reveal that present designs could 
not be extrapolated to power-producing 
size. Researchers in the field must 
weigh the merits of stopping to gain 
further understanding of the devices 
built thus far or forging ahead to larger 


devices that might prove successful 
even though incompletely understcod. 


Where To From Here? 

The pinch-effect experiments just 
unveiled do not permit any definite con- 
clusion as to the likelihood of eventual 
success in producing economic power 
this way. One of the Britons who 
worked on ZETA warned that “ZETA 
was a trivial development compared 
with that of devising a system in which 
there is a net power yield. Much 
more optimistic was T. E. Allibone 
who heads the Associated Electric In- 
dustries fusion team; he stated that 
“the hydrogen fusion process will be- 
come sound engineering practice in ten 
years.” On the other hand top Ameri- 
can officials still claim there was no rea- 
son to sell uranium short. 

Certainly the experiments reveal that 
thermonuclear instrument experimen- 


tation is complex and difficult. Typi- 
‘al is the situation with respect to the 
thin (3-mm wall) glass torus of the 
Perhapsatron 8-3 which must with- 
stand the mechanical strains that can 
be transmitted to it from the heavy 
primary under electromagnetic forces. 

Nonetheless, fusion researchers con- 
fidently expect to be making further 
progress in the months and years 
ahead. Harwell researchers are mak- 
ing improvements in ZETA’s torus 
liner that will enable them to employ 
even higher pinch currents. Tempera- 
tures of 25 X 10° °K should then be 
possible. Los Alamos has similar 
plans for higher temperatures and neu- 
tron intensities and is readying other 
still-secret pinch devices. And it was 
also revealed that Princeton’s Model 
C Stellarator will achieve 50 X 10° °K 
after its completion, now advanced to 
1960. 





Detailed Descriptions of Pinch-Effect 


What follows are condensed versions of the 
descriptions of thermonuclear devices and 
experiments as released by the U. S. AEC 
and [ K. AEA on January 24, 1968. 
References are to bibliography on p. 156. 


Columbus—tl (7) 
Thi 
bus I] 


powere d 


Los Alamos device known as Colum- 
1957) was designed as a high- 

machine in which the current 
its maximum value in as short a 
time as possible. By this means one could 
cause a pinch in times short compared with 


July 


reac hed 


the growth of instabilities. 

Description. The main condenser bank 
p. 90) consists of twenty-five 0.8-yfd, 100- 
kv low-inductance condensers placed on the 
periphery of a circle 14 ft in diameter. The 
that connects the con- 


transmission line 


densers to the centrally located linear dis- 
charge tube consists of two circular copper 
sheets separated by }¢ in. of polyethylene. 
This bank is switched by a graded vacuum 
spark gap, which is located above the dis- 
charge tube. The condenser bank is 
charged by a Marx generator in 90 usec. 
The inductance external to the discharge 
tube is 0.035 uh which implies that, under 
short-circuit conditions at 100 kv, the 
maximum current capability is 2.5-million 
amp. Typical operation is at 60 kv with a 
gas current of 1-million amp and a rise time 
of 2 usec. 

In addition to the main high-voltage bank, 
a second low-voltage bank (60 yfd, 20 kv) 
was available and could be used to form a 
partially stabilized pinch in the discharge 
tube before application of the high-voltage 


bank. The reason for this two-stage oper- 





Stellarator Clue? 


bear some relation to it. 


the discharge. 





Buried away in the theoretical paper by Spitzer (//) that forms part of 
the newly declassified fusion material is a description of an experiment 
performed by T. Stix at Project Matterhorn. 
designing a thermonuclear device known as the Stellarator, Stix’ device may 
Here is how Spitzer describes Stix’ device: 

A discharge was produced in helium gas in a stainless-steel racetrack tube 
of 10 cm diameter and 240 cm axial length, with an initial pressure of 0.63 
and an externally produced axial field of 19,000 gauss. 
was arranged so that intersection of the outer lines of force with material 
walls restricted the discharge to a channel of 5 cm diameter. 
of 300 volts was applied around an iron transformer threading the racetrack, 
and a maximum current of 8,000 amp observed; since this current produces 
only a minor perturbation in the magnetic field, there was no pinching of 
Time-resolved spectroscopic profiles of the He I! line, 
\ = 4,686°, indicated that the kinetic temperature of these ions increased 
to 1.2 * 10° °K in 1.5  10-‘ sec, as compared to a theoretical maximum 
value of 0.8 < 10° degrees in this same time interval. 


Since Matterhorn is currently 


The magnetic field 


A loop voltage 
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Devices 


ation was the hope that the low-power pinch 
could be adiabatically compressed by the 
high-power bank beyond the region of sta- 
bility to a high transient temperature. 

Axial magnetic fields up to 10 kilogauss 
were provided by an auxiliary low-voltage 
condenser bank. Ceramic discharge tubes 
(30 cm long, 10 cm in diameter) of silliman- 
ite were found to allow operation up to 55 
to60kv. An interesting difficulty has until 
now prevented all effective use of the ma- 
chine above 60 kv. The pinch phenomena 
can be identified by characteristic voltage 
or, in the case of extremely low-inductance 
supply, such as this one, current fluctuations 
observed during the discharge cycle. These 
are found to disappear at voltages above 55 
kv as do the neutrons. 

Results. Using the low-voltage (pre- 
heater) bank alone neutrons were produced 
in short bursts (0.1—0.3 usec long) occurring 
approximately at the time of the first and 
second contraction of the pinch. The 
maximum yield of neutrons was 2 X 10’; 
the yield decreased by a factor of 6 by the 
addition of a 23-gauss axial magnetic field 
which suggests that these neutrons may be 
produced by some instability mechanism. 

With high-voltage bank alone the neu- 
trons appear shortly after the first contrac- 
tion, as indicated by the small dip in the 
current. With no axial (B,) magnetic field 
a short (0.3-usec) neutron burst with little 
or no tail is observed. A small B, field 
lowers the relative height of the initial burst 
of neutrons and enhances the number of 
neutrons appearing iu the tail of the neutron 
pulse. Neutron pulse durations of up to 
1.5 usec were observed with B, fields as small 
as 200 gauss. The total yield of neutrons 
was rather insensitive to the axial magnetic 
field, dropping by only 55 per cent when the 
field was changed from 0 to 125 gauss. The 

continued on p. 151 
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FIG, 1. 


Comparison of solution rates of zirconium NH,F and in 6N HCI. 


At right are samples after reaction 


NH,F—Versatile Reagent for Zirconium Fuels 


By A. T. McCORD and D. R. 


Carborundum Metals Company, 


Zirconium, although useful as a reac- 
tor material with its good corrosion 
properties and low thermal-neutron- 
capture cross section, presents some 
problems: scrap recovery is difficult be- 
cause of oxygen and nitrogen absorp- 
tion and resulting increased hardness; 
present plans for processing Zr-con- 
taining fuels envisage using difficult-to- 
handle hydrofluoric acid. Ammonium 
fluoride promises to ameliorate these 
problems as well as to offer other bene- 
fits for zirconium fuels. 

A number of years ago, 
fluoride was used in a 10-ton/day plant 
to produce titanium dioxide from 
ilmenite. The operation was discon- 
tinued because the oxide was produced 
at 25¢/lb when the market price was 
18¢/lb. We have now demonstrated 
that the complexing ability of ammo- 


94 


ammonium 


SPINK 


Inc., Division of the Carborundum Company, 


nium fluoride is useful for the dissolu- 
tion and treatment of zirconium and its 
alloys and its separation from uranium 
and the fission products. Used in the 
neutral and even acidic states, it would 
be far easier to handle and probably 
more economic than currently used 
reagents. 

In addition to applications to the 
recovery of oxygen- and nitrogen-free 
zirconium scrap and decladding and 
separation operations of fuel reprocess- 
ing, an electrolytic procedure using 
ammonium fluoride has been found to 
improve zirconium and Zircaloy corro- 
sion properties. 


Scrap Recovery 

Zirconium fabrication results in the 
generation of considerable scrap in the 
form of lathe turnings, mill chips and 


Ak ron, 


Vew Yor k 


clippings. Some of the heavier scrap 
is reusable in the melting of ingots. 
However, in general, the turnings and 
chips have absorbed sufficient oxygen 
and nitrogen to increase their hardness 
considerably and make them unsuitable 
lor reuse. 

About 1954, attempts to recover such 
the Bureau of 
Mines* by etching away the oxygen- 
and the 
scrap with a_nitric-hydrofluoric-acid 
Although the contaminated 
insoluble 


scrap were made by 
nitrogen-bearing surface of 


mixture. 


surfaces were removed, an 


oxygen-containing zirconium com- 
pound was deposited in the minute fis- 


* Northwest Electrodevelopment Labora- 
tory, Bureau of Mines, Albany, Oregon. 
Zirconium Progress Reports BM _ II-70 
(June 15-July 15, 1953), BM II-72 (July 
15-Aug. 15, 1953), BM II-80 (Sept. 15 
Dec. 15, 1953). 
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experience 
iat pena 


ith more than four years of successful experience in fabri- 

cating uranium alloys, zircaloy components, control rod 
drive mechanisms, fuel plates, etc., the L&S Machine Company 
Inc. concentrates on reducing costs. L&S Inc. is an accredited 
AEC Accountability Station staffed with "Q” & “L" cleared per- 
sonnel. Whether your fuel processing plans are immediate or for 
the future you may want to take advantage of the cost savings 
inherent in our operations. As an added measure, to expand 
our capability in the nuclear field, L&S Inc. has retained the 
Nuclear Science and Engineering Corporation of Pittsburgh, 


Penna., one of the country's leading consulting firms 


gives you lowest cost 





INQUIRIES FOR FIRM 
PRICE QUOTATIONS 
PROMPTLY ANSWERED 


Write or contact Department T-4 


L&S MACHINE CO. Inc. 


BOX 317, R.D. 2 * LATROBE, PENNA. 
Phone. GReensburg 6270 
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MEMORANDUM: 


From the Desk 
of the President 





To: Purchasing 
Department 


Investigate Davison's 
entry into the 
thorium and rare 
earths field. Under- 
stand they are pro- 
ducing materials 
which should be of 
interest to us. 

They have a 
reputation for de- 
pendability of prod- 
ucts and service, 


= * 


Two plants, one at Pompton 
Plains, N. J. (formerly Rare 
Earths, Inc.) and one at Balti- 
more, Md. are in operation. 
Your inquiries concerning 
products, samples and research 
and ‘development services are 
welcome. 


Progress Through Chemistry 


DAVISON CHEMICAL COMPANY 


Division of W. R. Grace & col gS ie 


Baltimore 3, Md. and Pompton Plains, N. J. 
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sures in the residual metal and could 
not be removed. This material in- 
variably produced hard metal when 
the scrap was are-melted. 

We thought that this trouble could 
be circumvented by using an acidic 
ammonium fluoride solution—or am- 
monium bifluoride—because it was 
known that the complex (NH,)2ZrF, 
was quite soluble. Tests showed that 
such metals as titanium, zirconium, 
hafnium, the Zircaloys, uranium and 
thorium were not only soluble in acidic 
solutions of ammonium fluoride, but in 
neutral solutions also. Because of 
obvious advantages, all further investi- 
gations were made with neutral solu- 
tions in iron, rubber-lined or plastic 
containers. 

The solution rate differs for the 
various metals, but increases with tem- 
perature and concentration. In some 
cases, at the higher temperatures and 
concentrations, the action is cata- 
strophic. Figure 1 compares the re- 
action of zirconium with NH.F to that 
with 6N HCl. Typical solution rates 
are shown in Fig. 2. 

The reaction is probably quite in- 
volved, but the end results may be 
described by 


M + XNH,F = MF, YNH,F 
+ 2H, + 4NH; 


where M = Zr, Hf, Ti, U or Th, Y = 
an integer 2 or more and X = Y + 4. 

As the gases leave the system almost 
quantitatively, the liquid maintains its 
original state of acidity, i.e., the pH 
remains constant and the dissolution 
rate is maintained. 

At temperatures above 60° C, solu- 
tions of ammonium fluoride evolve ap- 
preciable quantities of ammonia and 
become more acidic according to the 
equation 


(NH,F): = NH,HF: + NH; 


However, the solution is strongly buf- 
fered and although the titratable acid 
increases, the pH changes only slowly. 
Thus even in strong, hot solutions the 
pH rarely goes below 5. 

Experiments have shown beyond 
doubt that the oxide-nitride surface of 
zirconium and Zircaloy turnings and 
chips can be successfully removed in an 
ammonium-fluoride bath. No insolu- 
ble zirconium salts are formed, and the 
treated scrap is pure enough to be 
reused, 
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FIG. 2. Dissolution rates of zirconium (top) 
and Zircaloy-2 (bottom) in ammonium 
fluoride. Solution rate differs for various 
metals but increases with temperature and 
concentration 


In one case, the surface of a Zirca- 
loy-2 ingot had been machined and 
The in- 
got showed an average Brinell hardness 
(BHN) of 189. Some of the turnings 
were degreased and arc-melted to a 
button having a BHN of 207. Such 
increases in hardness are typical and 


considerable scrap generated. 


indicate the oxygen-nitrogen pick-up 
in the machining operation. Three 
separate quantities of the turnings 
were degreased and etched in a 30% 
ammonium-fluoride solution at room 
temperature until a 6% weight loss was 
obtained. The turnings were removed 
from the bath, rinsed with 5% hydro- 
chloric acid to dissolve a fine black 
deposit on the turnings (apparently 
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Zirconium is now in production by one of the country’s newest 
corporate offsprings — Columbia-National Corporation. 

Columbia-Southern Chemical Corporation, a subsidiary of 
Pittsburgh Plate Glass Company, provides experience in large 
scale inorganic chemical production. National Research Corpor- 
ation contributes an extensive background in extractive and 
physical metallurgy. 

This combination of talents and experience is already showing 
its effect. A new completely integrated plarit near Pensacola, 
Florida, carries raw zircon sand through to specification sponge 
at one location, under the complete control of one operating man- 
agement... using the exclusive Nitrophos extraction process and 
the proven Kroll magnesium reduction technique. 

Technical service is available without obligation — to help 
you profit with zirconium. Technical Digests on reactor and 
commercial-grade zirconium properties and applications are 
now ready; write for either or both today, specifying your interest. 


Columbia-National Corporation 


Owned jointly by Columbia-Southern Chemical Corporation 
and National Research Corporation 
Dept. R 3-F —70 Memorial Drive » Cambridge 42, Massachusetts 





for Radioactive Clothing 


These leading companies use American 
decontamination equipment 


The Babcock & Wilcox Co. 
Dow Chemical Co. 

General Electric Co. 
Goodyear Atomic Corp. 
Holmes & Narver 
Mallinckrodt Chemical Works 
Monsanto Chemical Co. 
National Lead Co. of Ohio 
Phillips Petroleum Co. 
Westinghouse Electric Corp. 


Lynchburg, Va 
Denver, Colo. 


Portsmouth, Ohio 
Los Angeles, Calif. 
St. Louis, Mo 
Miamisburg, Ohio 
Cincinnati, Ohio 
Idaho Falls, idaho 
Pittsburgh, Pa. 


To safeguard the health of nuclear 
plant employees, work clothing exposed 
to radioactive and 
be decontaminated and washed 

The American Machinery 
Company has developed a complete line 
of automatically controlled, labor-saving 
laundry equipment especially to provide 
nuclear plants of any 
modern, efficient: laundry installation 


toxic materials must 


Laundry 


size or type with a 


For complete information on how 
American serves the atomi 
energy field write for 

Bulletin 2642. 


You can expect more from 


¥ 


A...2 
4a eat —i ga [or ia | 


Ohio 


hinery Company, Cincinnati 12 


Richland, Washington 
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FIG. 3. 


dissolved. 


washed in acetone 
The batches 


argon to 


tin), then water, 


rinsed and dried. were 


massive 
ISS and 


later are-melted in 
which tested at 
BHN. 


ippreciable drop in oxygen from the 


ngots, ISI, 


185 Analyses indicated an 
raw turnings to the treated ones. 


When 


tion has been used in this application 


an ammonium fluoride solu- 


for some time, soluble zirconium is 
present in considerable quantities. If 
a hot 20% NH,F solution has been 
used, cooling to room temperature suf- 
fices to cause a large percentage of the 
zirconium to ery stallize from the solu- 
tion as (NH,4);ZrF;. Had more dilute 
used, the 
ammonium fluoride and cooling pro- 
the same effect. 


are coarse and easily removed either 


solutions been addition of 


duees The cry stals 


They are 
The 


addition of ammonia causes all of the 


by filtering or decanting. 
quite readily dissolved in water. 


zirconium to be recoverable as hydrous 


oxide, while ammonium fluoride is 


regenerated in the filtrate. 


Fuel-Plate Treatment 

It was observed in our experiments 
that the dissolution of these metals in 
fluoride 


uniform on every surface. 


ammonium was remarkably 
For exam- 
ple, a strip of 0.065-in.-thick zirconium 
could be uniformly reduced to 0.005 in 
but variation, generally 


with slight 


FIG. 4. 
original plate, plate stripped in 30 min 


Decladding of STR-type fuel plates. 


Strip of 0.065-in.-thick zirconium uniformly reduced to 0.005 in. in NH,F 
solution with variation of <0.0005 in. over entire surface. 
This suggests precision decladding, leaving uranium core exposed 


Alloys are as easily 


<0.0005 in., over the entire surface. 
See Fig. 3. 

A logical step was the attempt to 
declad a Zircaloy-2-cladded fuel plate 
by this means. It was found possible 
to remove the cladding with precision 
from STR-type plates, leaving exposed 
the uranium-alloy fuel element (Fig. 4). 
the 
alloys of uranium and zirconium are as 
This 
opens up a new possibility in the re- 
fuel 
the solubilities of the complex 


It was further discovered that 
easily dissolved as is zirconium. 


processing of spent nuclear ele- 
ments 
fluorides and simple fluorides in ammo- 
nium-fluoride solution present a gross 
method of separating zirconium, ura- 
nium and fission products. 

The metals Nb, Zr, Hf, U, Th, Cr and 
Ti form soluble complex fluorides that 
are also soluble in ammonium-fluoride 


solutions. In most cases, a large 
increase in ammonium-fluoride concen- 
tration causes the complexes to crystal- 


The alkali 
soluble fluorides, but in the presence of 


lize. metals form water- 
Zr or Ti, insoluble complexes of the 
form NasZrF, are formed. The Group 
II metals Ca, Sr and Ba form insoluble 
fluorides in ammonium-fluoride solu- 
tion and so do the rare-earth metals. 

fuel of the 
STR type, containing fission products, 
decladded later 


disintegrated in ammonium- 


An irradiated element 


could be and com- 


pletely 


Left to right, plate stripped in 1 min, 
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NOW - STUDY THE EFFECTS 
OF GAMMA IRRADIATION 
IN YOUR OWN LABORATORY 


WITH THE DRAWER SYSTEM " 


—for insertion re 


AE.CL. GAMMA = | = 
IRRADIATION CELL. — 


The Gamma Irradiation Cell, Model D-47, safely permits 
the irradiation of material with the penetrating 
gamma radiation of Cobalt 60. Requiring only 

a connection to an electrical outlet, the unit is 











ready to go to work providing radiation dose 
rates up to 1,000,000 roentgens per hour. 








The D-47 is completely self-contained and 


- 





is virtually free of maintenance costs. 
A timing device automatically 
terminates the irradiation at the 

end of a preset time interval. 








With minimum instruction, 
a series of irradiations can be 

cS Li S, See our exhibit at the International 
handled by a Technician, thus a Atomic Exposition March 17-21, at 
conserving the more valuable 2 Gileage, Mi. 


time of supervising personnel 


rothtme, 
*% 


For information on the Gamma , 

Irradiation Cell, kilocurie cobalt 60, 

radiography machines and sources, 

neutron sources, irradiation services, radiosotopes 
and teletherapy equipment please write to 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION 
P.O. Box 93 Ottawa, Canada 
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BORON-10O 
BORIC ACID 


Following their recent 
announcement of the separa- 
tion of Boron isotopes, 20th 
Century now offer high purity 
Boric Acid wherein the boron 
is normally enriched to 90% 
B-10. This material is 
particularly suited to the 
manufacture of neutron 
sensitive scintillators. Boric 
Acid is also the starting point 
for the manufacture of 
Boron Trioxide, Boron 
Carbide, and Elemental 
Boron. Boron-10 enrichments 
greater than 90°, can be 
supplied by special 
arrangement. 


CENTRONICS WORKS 
KING HENRY’S DRIVE 
NEW ADDINGTON 
CROYDON SURREY 
ENGLAND 


20™ CENTURY 


Cables: Centronix, London 





During the past 6 years, the proven performance of the EKCO Model 1079-C Vibrat- 
ing Reed Electrometer has made it preferred by actual users, both here and abroad. 


Low in cost, compact, rugged and easily serviced; its high, full-scale sensitivity and 
inherent stability makes the EKCO Model 1079-C ideal for all applications involving 
small current and voltage measurements. 
STABILITY: ..2t 1 mv, day-to-day. 
SENSITIVITY:.........0.03 uua full-scale reading @ max. 
RANGES: ....0-30, 0-100, 0-300, 0-1000 mv. 
NLL. tod 06,0 . Internal, switch-controlled, 10°, 10", 10 ohm resistors. 
Operates with 1 ma or 100 mv recorder. 
110/120 or 200/250 v, 40/60 cps, 40 w. 
Only 29 Ibs., complete with cables. 


Write TODAY for data on EKCO’s complete line of nucleonic test equipment 


AMERICAN TRADAIR CORP. 


34—01 30th Street, Long Island City 6, N. Y. * Dept. N2 
U. S. SALES & SERVICE for 
EKCO ELECTRONICS, LTD., Essex, England 
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FIG. 5. Effect of surface condition on cor- 
rosion of zirconium in boiling 20% hydro- 
chloric acid 


fluoride solution. The conditions of 
dissolution are such that iron con- 
tainers or tanks lined with rubber or 
plastic may be used. The solution will 
contain zirconium and uranium, while 
the insolubles will consist chiefly of the 
nonvolatile fission products. A filtra- 
tion step would isolate the bulk of the 
fission products. When the clear solu- 
tion is cooled, the uranium separates 
completely, together with the bulk of 
the zirconium, as mixed crystals. 
These crystals consist of (NH,);ZrF; 
and a deep-green crystal thought to be 
a U+ fluoride. It was found that the 
uranium salt crystallized only when 
considerable zirconium was also present 
in solution. The mixed crystals when 
leached with a minimum of cold water 
yielded the zirconium to solution, but 
the uranium complex remained insolu- 
ble: While this system has not been 
fully explored, the implications are 


obvious. 


Electrolytic Polishing 

Attempts to influence the actions of 
ammonium fluoride on zirconium and 
hafnium by making the zirconium 
anodic and cathodic in an ammonium- 
fluoride electrolyte produced unex- 
pected results. 

The application of voltages as high 
as six volts did not produce cathodic 
protection, the metal continued to dis- 
solve, and gases were evolved from the 
entire surface. However when the zir- 
conium (or hafnium) was made anodic, 
the surface of the zirconium acquired a 
brilliant polish, which we describe as an 
electropolished surface. When a piece 
of zirconium tube was used as the 
anode, the inside surface also acquired 
this very fine finish. The stoppage of 
the current resulted in a rapid deterio- 
ration of this surface so the pieces had 
to be removed from the bath while the 
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Pumps bring both high temperature sodium and 
water to a steam generator to produce power! 








BJ : 








Santa Susana...the first thermal reactor to 
produce electric power for a private utility company 


This new atomic power plant now in operation near Los 
Angeles uses BJ pumps to circulate sodium through the 
nuclear reactor and to transfer reactor heat to the steam 

rator. The electrical generating plant also uses BJ 


pumps to deliver feed water to the steam generator. 
Atomics International, a division of North American 
Aviation, Inc., designed and built the Sodium Reactor 


Experiment for the Atomic Energy Commission. The 
c | generating plant is designed, built and operated 
Southern California Edison Company. 

BJ primary liquid sodium pumps take radioactive 
sodium from the reactors at temperatures up to 960°F 
After transfer through a heat exchanger, BJ secondary 
pumps circulate non-radioactive sodium at temperatures 
up to 900°F. through a steam generator. At the same 
point, two BJ 8-stage, SD Multiplex pumps equipped with 


Primary Loop 
Radioactive Sodium 


Secondary Loop 
Non-Radioactive Sodium 


BJ Type D mechanical seals, deliver feed water to this 
steam generator. Steam provides the driving force to the 
turbine generator. 

Selection of BJ pumps both for the nuclear and the 
conventional power system is evidence of Byron Jackson’s 
unique experience and leadership in these dual fields. 
This experience is available to assist you in finding reli- 
able time-and-money-saving answers to your pumping 
problems. 


INCORPORATED 


BOX 2017A, TERMINAL ANNEX 
LOS ANGELES 54, CALIFORNIA 
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BJ Liquid Metal Pumps 





BJ Boiler Feed Pumps 
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FENN 


AVS col welanatiate: 
oLelie)pat=val 


Core of Your Nuclear Planning 


FENN PRECISION ROLLING MILLS are made in a complete range of sizes and types 
for laboratory, pilot run and production. They are designed and built to meet the 
requirements of nuclear metallurgy, including the newest and toughest metals. They 
can be supplied in both vertical and horizontal types with complete instrumentation 
for remote contro! and hooding where necessary. 


FENN ROTARY SWAGING MACHINES are the invaluable precision production tools 
for nuclear metal forming . .. hot or cold . . . without producing chips. A complete range 
of sizes with capacities from 4%” to 6” diameter. Models also available for internal 
reductions and with special length dies. Compact self-contained unit facilitates hooding. 


FENN DRAW BENCHES AND TURKS HEADS—Fenn makes both hydraulic and 
mechanically actuated draw benches with capacities from 2,000 to 40,000 pounds pull. 
Variable drawing and return speeds to fit your specific requirements. Fenn Turks 
Heads, with infinite adjustment of rolls, are a valuable accessory to draw benches 
for producing almost limitless shapes in wire, rod, or tube, 


For engineering services 


or literature, write 
NUCLEAR MACHINERY DIVISION 


FENN MANUFACTURING CO., 701 FENN ROAD, NEWINGTON, CONN. 
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current was still passing and washed 
immediately in cold water. 

These finishes are believed to be rela- 
tively permanent because they have 
shown no deterioration or dulling over 
a period of 18 months. They have 
been produced equally well on zirco- 
nium, hafnium and the Zircaloys. 
Further tests have shown that this 
finish enhances the corrosion resistance 
both in strong acids and also in wet 
carbon dioxide at elevated tempera- 
tures. Some results of these experi- 
ments are shown in Figs. 5 and 6. 

The best conditions for electropolish- 
ing appear to be a solution of about 500 
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FIG. 6. Corrosion tests of zirconium and 
Zircaloy-2 in wet CO» at 500° C. Elec- 
tropolishing provides relatively permanent 
protection 


gm per liter of ammonium fluoride at a 
pH of 6.5-7. The cathode is graphite, 
the anode the piece to be polished, 
Because these metals are easily at- 
tacked by ammonium-fluoride solution, 
the specimen is placed in the plating 
bath with the voltage applied, such 
that a current density of 1-4 amp/dm? 
is established. Higher current densi- 
ties will result in shorter polishing 
times. At very high current densities, 
some burning of the specimen occurs. 
No stirring is provided for the oper- 
ation. In general, only a few minutes 
are required to achieve the best finish. 
A typical result is shown in Fig. 7. 

In several runs, the average loss of 
metal appeared to be in the order of 
1-3 mg/dm?/hr. Another effect of 
this treatment is that minute faults in 
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On this subject: 


HEAT EXCHANGERS FOR NUCLEAR SYSTEMS 


with experience 


he 


The initiative which Ross has taken in virtually every field of heat exchanger development 
applies to the nuclear energy field, as well. Ross engineers were early at work. 


Starting with exchangers designed and fabricated for the Manhattan Project, and 
carrying on down right through to today, Ross has been steadily building its reputation in 


nucleonics circles. 


The readiness of Ross to perform engineering development; the possession of the 

necessary skills to work with specialized materials; the ability accumulated through experience 
to meet stringent specifications; the opportunity to draw upon the vast resources of 
American-Standard* through its Atomic Energy Division . . . these and others are points which 
Ross engineers would be pleased to discuss with you. Yes, Ross can speak with experience. 
Your inquiries are invited. 


American-Standard, Ross Heat Exchanger Division, Buffalo 5, N. Y. 
In Canada: American-Standard Products (Canada) Limited, Station D, Toronto, Ont. 


* Amenican-Standard and Standard ® are trademarks of American Radiator & Standard Sanitary Corporation. 


American-Standard 


ROSS HEAT EXCHANGER DIVISION 
Vol. 16, No. 2 - February, 1958 





VITREOSIL™ 


FUSED QUARTZ 


MEETS YOUR 
CRITICAL 
REQUIREMENTS 


CHECK WHAT VITREOSIL OFFERS: 


Absolute Chemical Purity 


xtreme Heat Resistance 


“ie a; 


rmal Shock ‘Resistance 


Chemical inerimese: 


Outstanding Electrical Properties 


Full-Range Radiant Energy 
Transmission 


VITREOSIL fused quartz prod- 
ucts can be supplied in an un- 
usually large variety of types 
and sizes. Also fabricated to 
specification to meet semi-con- 
ductor requirements. 


TRANSPARENT VITREOSIL 
For ultra-violet applications, 
metallurgical investigations and 
processes, chemical research and 
analysis, photochemistry, spec- 
troscopy and physical, optical 
and electrical research and pro- 
duction operations. Send specifi- 
cations for your requirements. 
Please use coupon below. 
See our ad in 


Chemical Engineering Catalog 


AMERICAN 
INC. 


New Jersey 


THERMAL 
FUSED QUARTZ CO., 


18-20 Salem Street, Dover 


' Please send technical data on 


4 Company 
Name & Title 

s Street 

Ny City 

in See sss UU 
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FIG. 7. Electropolished (left) and un- 
polished zirconium crucibles. Optimum 
finishing is obtained in a few minutes 


the metal surfaces are clearly seen, so 


that defects in fabrication can be more 

easily discovered and eliminated. 
Recently the 

zirconium and Zircaloy sample tabs for 


method of preparing 
high-temperature-water and steam cor- 


rosion tests by etching in a nitric-hy- 
drofluoric acid mixture has been criti- 
cized. It is thought at that 


zirconium compounds containing oxy- 


times 


gen and fluoride are left in the surfaces 
Such variation of sur- 
face reduces the of the tests. 
An electropolished finish by the tech- 


of the samples. 
validity 


described herein is suggested as 
solution to 
method 


nique 
this problem. 
controlled 
the surfaces produced are 


a possible 
The 
duplicated; 
uniform; and frequently minute physi- 
cal defects in the 
revealed. Thev alidity of the tests can 
be further increased by discarding such 


is easily and 


suriace are clearly 


defective samples. 


Conclusions 


studied the 
fluoride usage 


Although we have not 
economics of ammonium 
deeply, this should not 
problem. In the recovery, the 
fluoride is recirculated. We feel that 
the process would be economical even 
if the 


discarded. 


constitute a 


scrap 


ammonium fluozirconate were 


So far as the fuel-element reprocess- 
the 
that combines with the 


ing is concerned, all ammonium 


fluoride zirco- 


nium or niobium would be recovered, 
while that which goes with the uranium 
lost. 

the 


also conceivable 


would be However, considering 
the value of this 
small. It is that all 
of the fluorine tied up in fission-product 


fluorides can be returned to the system. 


loss is 


uranium 


* * « 


Paten' applications have been made for scrap 
fuel electro- 
polishing by the Carborundum Co. 


ecovery, element recovery and 
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Specialists 
wanted for 


Nuclear 
Powerplants 


1. Senior Engineer Research or 
Engineering: Nuclear physicist, 
PhD. (or equivalent experience) 
for basic studies in the application 
of nuclear power to air vehicles. 
2. Senior Engineer Research: 
Nuclear Engineer, M.S. degree 01 
equivalent, with a background in 
unconventional powerplant design. 
3. Research Engineer: B.S. degree 
in nuclear engineering. College 
work in general powerplant design. 
4. Engineering Specialist or Sen- 
ior Engineer Research: M.S. or 
equivalent, with a strong back- 
ground in hydrodynamics and 
fluid mechanics to study basic re- 
lationships of propulsion equip- 
ment for air vehicles. 
5. Senior Engineer Research or 
Engineering Specialist: PhD. de- 
sired with a background in nuclear 
energy, servo mechanism, controls 
or instrumentation. Should have 
preferably 4 years’ additional 
experience. 
6. Senior Engineer Research: 
PhD. or M.S. degree with a back- 
ground in heat transfer relating 
to gas or liquid cooled nuclear 
power plants, preferably of air- 
craft type. 
7. Senior Structural Engineer or 
Stress Analyst: Several years’ ex- 
perience in mechanical stress and 
structural analysis. M.S. or B.S. 
degree or equivalent. 
Write: Mr. A. W. Jamieson, 
Rocketdyne Engineering 
Personnel Dept. C-2 
6633 Canoga Ave., Canoga Park, 
California 


ROCKETDYNE R 


A 


BUILDERS OF POWER FOR OUTER SPACE 


Seeeeeeeeeeeeeee 
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Power reactor control demands rigid de- 
sign requirements, exacting production 
techniques, meticulous quality control, 
and precision testing skills. Every part of 
the control devices, even the simplest 
nut or bolt, is vital to the long, trouble- 
free operation of the system. 

Production of the precision control rod 
positioning equipment for the first com- 
mercial atomic power plant and for 
military power reactors has equipped 
Marvel-Schebler to render valuable serv- 
ice to reactor designers and builders. 

Our well-balanced engineering depart- 
ment, specializing in the design of con- 


No marein for error.... 


trol rod drive systems, stands ready to 
assume design responsibility in this area, 
relieving already over-loaded reactor en- 
gineering groups of this additional 
burden. 


To support the engineering facilities, 
Marvel-Schebler provides completely in- 
tegrated model-making, production, and 
environmental test facilities so that our 
customers are assured of receiving re- 
liable and proven equipment 


Your inspection of our facilities will be 
welcomed. 


Write or call us for further information. 


MARVEL -SCHEBLER P-oducts Division 
BORG-WARNER CORPORATION, DECATUR, ILLINOIS 


Export Sales: Borg-Warner International, 36 South Wabash Avenue, Chicago 3, Illinois 





Optical instrumentation for 
accurate measurement of 
remote or inaccessible objects 
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Goertner M901 General-purpose Cathetometer 


CATHETOMETERS 

Gaertner Cathetometers are designed 
for accurate measurement of vertical 
distances or displacements. They are 
ideally suited for measuring where the 
object or action is remote or not acces- 
sible by ordinary means. Gaertner pro- 
duces a wide variety of precision-con- 
structed cathetometers to meet your 
individual requirements. 


®@ General-purpose Cathetometers— 
These combine a high degree of 
accuracy with a maximum of con 
venience. Range 100 cm, focusing 
range 60 cm to infinity. 


@ Precision Cathetometers—For maxi- 
mum accuracy and rigidity. Read- 
ings directly to 1 micron. 

@ Micrometer Slide Cathetometers—For 
precise measurement of short vertical 
distances. Range up to 4” or 100 mm 
With telemicroscope, focusing range 
12 cm to infinity. 

@ Co-ordinate Cathetometers — Permit 
making precise co-ordinate measure 
ments on objects in a vertical plane. 
Focusing range 9” to infinity. Co-or- 
dinate measuring range up to 24”x42”. 

SPECIAL PURPOSE PERISCOPES 
REMOTE OPTICAL STRAIN MEASURING 
INSTRUMENTS 


Write for Bulletin 162-56 
The Gaertner 
Scientific Corporation 


1257 Wrightwood Ave., Chicago 14, lil. 
Telephone: BUckingham 1-5335 
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Neutron, Gamma Measurements 


for In-Pile Power Monitoring 


By A. C. LAPSLEY 


Savannah River Laboratory, E. I 


Safety and performance of a nuclear 
reactor can be improved when informa- 
tion is available on the distribution of 
power within the pile. The necessary 
information, however, can only be ob- 
monitors 


tained with certainty with 


located inside the reactor, and such 
in-pile monitoring is a difficult problem 
for the monitor components must with- 
stand intense radiation. 

We have developed 
gamma-sensitive monitors for use in- 


The 


uses a thermocouple to measure tem- 


neutron- and 


side reactors. neutron monitor 


perature differentials generated in a 


uranium-aluminum button, and the 


monitor uses an ionization 


Both monitors are 


gamma 

chamber. insensi- 
tive to radiation damage and have a 
long life in piles that operate at a high 
power density. Several monitors lo- 
cated in a pile can be used to indicate 


the power distribution. 


What to Measure 

The first factor to consider is which 
pile characteristic is to be measured 
Power-density measurements cannot 
be made directly, but the density is re- 
lated to both neutron and gamma flux, 
that either of 


variables 


and devices measure 


these furnish the needed 
information. 

One method for internal monitoring 
has been pursued at Brookhaven (J), 
the Materials Testing Reactor (2) 
and Battelle Memorial Institute (3): 
Monitors determine the distribution of 
neutron flux with a wire placed in the 
pile. After the wire is irradiated, it is 
withdrawn, and the induced activity is 
measured along its length. The dis- 
tribution of neutron flux is the same as 
the distribution of activity along the 
wire. 

For some applications, this method 
has limitations: (a) The information is 
not supplied continuously. (b) In- 
formation is furnished on the integrated 


du Pont de 


& Co., Aiken, South Carolina 
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Quartz-fiber 
insulation 
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Guard 
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Sapphire 


Welded — 
joint 
































FIG. 1. Gamma monitor for in-pile meas- 
urement is tiny ionization chamber with insu- 
lators designed to withstand irradiation 


flux over the period of exposure rather 
(c) There 
between irradiation 

(d) A rather 
setup can be 


than on instantaneous flux. 
is a time delay 
and data availability. 
involved mechanical 
required. 

Another monitor (4) that 
overcome all but the first of these limi- 
tations has been developed at Battelle. 


should 


It uses a thermopile coated with en- 
riched UOz. The thermopile is heated 
by fissions induced in the uranium, 
This basic principle has been used pre- 
viously (5-7) but not with monitors 


that can operate inside a pile. 


Gamma Monitor 


Our gamma monitor—a miniature 
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GENERAL TRANSISTOR 


PROVIDES HiGH RELIABILITY 
IN THE SWITCHING 
COMPUTER TRANSISTORS 


USED IN RADIATION COUNTER LABORATORIES’ 
32-CHANNEL-SCALER ANALYZER 


The RCLiac-32 . . . a system used for gross counting with G-M tubes through 
scintillation spectroscopy and pulse height analysis . . . is 95% transistorized 
and portable. All the transistors in this system are GT switching computer 
types 2N315 and 2N316, in JETEC 30 case. These transistors were developed 
and produced specifically to meet the rigid requirements set forth by RCL 
design engineers . . . high speed response, undeviating accuracy and constant 
reliability. Experienced engineers and trained technicians at General Transistor 
are fully aware of reliability important . . . and produce transistors that 

surpass this requirement. Here, again, is an example why General Transistor 

is the fastest growing name in transistors. Write for Computer Brochure G-140. 


GENERAL TRANSISTOR 


Cc Oo R P Oo R A T ! °o N 
91-27 138TH PLACE, JAMAICA 35, NEW YORK 


In Canada: Desser E-E Ltd., 441 St. Francis Xavier, Montreal 1, Quebec 
FOR IMMEDIATE DELIVERY FROM STOCK, CONTACT YOUR NEAREST AUTHORIZED GENERAL TRANSISTOR 
DISTRIBUTOR OR GENERAL TRANSISTOR DISTRIBUTING CORP. 95-27 SUTPHIN BLYD JAMAICA 35, NEW YORK 
FOR EXPORT: GENERAL TRANSISTOR INTERNATIONAL CORP. 91-27 136TH PLACE JAMAICA 35, NEW YORK 
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ion chamber—is shown in Fig. 1. The 
most critical component is the insula- 


likely to be 
damaged by reactor radiation 


tion, for it is the most 
Syn- 


thetic sapphire was selected as the most 
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FIG. 2. At 10° r/hr, current-voltage curve 
of gamma monitor shows saturation above 


150 volts 


promising material and has held up 
well under irradiation. 

The chamber itself is cylindrical and 
made from Type-1100 aluminum. The 
gap between the electrodes is 0.038 in., 
and the volume is 0.0436 in* (0.713 em’). 
Sensitivity at NTP is 7 X 10-4 
amp/r/hr. 

A special electrical cable carries the 
signal from the chamber. The guard 
electrode electrically shields the signal 
lead from the voltage supplied to the 
chamber on the cable’s outside sheath, 
It is operated at the same voltage as 
the signal lead so that the signal lead 
collects no ion current from the cable. 

The metal parts of the 
Type-1100 aluminum. 
just as in the chamber, must be special 
to withstand radiation. A synthetic 
quartz fiber with a boron content of 
<100 ppm is used. 

Chamber and cable are 
gether, but there is no gas seal between 
the two. There is 
end of the cable 
chamber so that the sensitivity of the 
chamber is a function of the tempera- 
ture ratio between chamber and cable. 
There is no that this 
mode of operation appreciably affects 
performance, 
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cable are 
The insulation, 


welded to- 


a gas seal on the 


farthest from th 


indication 


An in-pile test was made to a total 
exposure of 3 X 10! r, and the per- 
formance was satisfactory throughout 
the test. A voltage-saturation curve 
at a flux level of 10° r 


Fig. 2. 


hr is shown in 
There was no change in volt- 
age-current characteristics during the 
test. 

The cable also performed quite satis- 
factorily. Resistance between guard 
electrode and jacket was about 10° 
ohm/ft at a 10%-r/hr gamma flux, and 
there was no appreciable increase dur- 
ing the 3 X 10!*%-r exposure. 


Neutron Monitor 


Our neutron monitor uses a thermo- 
couple to measure the heat generated 
by n,f reactions in uranium and is 
known as a ‘neutron thermometer.”’ 
It is constructed as shown in Fig. 3. 
An alloy button formed from uranium 
and aluminum is welded to the alumi- 
The 


entire assembly is contained in an air- 


num jacket of the thermocouple. 


filled housing. 

The thermocouple requires special 
insulation ; 
The 


and 


radiation-proof electrical 
magnesium-oxide was used. 
thermocouple 
constantan. 
The neutron thermometer responds 
to neutron flux through heating in- 
duced by fissions in the alloy button. 
This heat is removed from the button 


Wires are iron 


Thermocouple leads 


-—Aluminum jacket 


Aluminum 
housing —— —+} 








A 


FIG. 3. Neutron monitor has thermocouple 
inside vuranium-aluminum button. Second 
thermocouple (not shown) monitors jacket 
temperature 


U-Al button — f 

















by conduction, both along the thermo- 
couple jacket and through the air, and 
by convection and radiation. The neu- 
tron flux therefore induces a tempera- 
ture differential 
housing that is a function of flux level. 


between button and 


The temperature differential is meas- 
ured with the thermocouple shown in 





°o 


°o 
wo 





Flux Ratio by Neutron Thermometers 








0.8 0.9 1.0 
Flux Ratio by Wire Monitor 


FIG. 4. Neutron-monitor readings agree 
with measurements by wire activation 


Fig. 3 and a second one that measures 
the temperature of the housing. 

The system was tested by inserting 
two of the units into different locations 
of a pile and comparing their outputs 
with the neutron flux determined by 
The relative 
flux levels between the two locations 


the activation of wires. 


was varied by moving control rods. 
The results are shown in Fig. 4. 

The two neutron thermometers have 
also been tested by measuring tempera- 
differentials at different 

The results are plotted in Fig. 
5. The response is nonlinear, as is to 


ture power 


levels. 


be expected if excessive heat generated 
in the button is lost by convection and 
radiation. The linearity can be im- 
proved by decreasing the length of 
thermocouple inside the housing as this 
will increase the heat lost by conduction. 

The have 
been exposed to a total neutron ex- 


neutron thermometers 
posure of 10?! n/cm? and a gamma ex- 
posure of 5 X 10" r. 
indication that the irradiation affected 
The life of the 
considerably 
will be 


There is no 


their performance. 
may be 
greater than 10?! 
ultimately limited by burnup of the 
uranium. Buildup of 
the U**5, and the life is controlled by 
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Wistclule:tittelf- lier tae! 
UTR-10, 10 Kw University 


lraining Reactor 


ie High mark in nuclear education 


The American-Standard UTR-10, an established training reactor design 

based on the Argonaut concept, will soon be undertaking classroom assignments” 
in American colleges and universities. 

As a training and research reactor, the UTR-10 has been completely engineered 
to provide the university with all the essential elements of a well-rounded 

nuclear engineering program — with safety, low cost and complete experimental 


facilities — ready to install in existing construction. 


Write for your copy of the neu 

technical bulletin describing the UTR-10 
and its applications in detail ere 82807 Ceres eee ITM ‘ 
New manufacturing facility of the American 
Standard Atomic Energy Division, and site of 
the construction of a UTR-10 prototype 








Amenrican-Standard 


DIVISION 





ATOMIC ENERGY 





369 WHISMAN ROAD * MOUNTAIN VIEW CALIFORNIA 
Eastern Sales Office * 50 W. 40th St., New York 18, N.Y 


Amenican-Standard and Standard ® are trademarks of American Radiator & Standard Sanitary Corporation 








How to improve 
the reliability of 
electronic circuitry 





The demand for greater reliability of electronic instrumentation in 
research and engineering development is growing every day. 

For exacting applications, you can raise the reliability factor of 
your circuitry by using RCA “Premium” Tubes. These high-qual- 
ity tubes are rigorously controlled for shock, fatigue, low-fre- 
quency vibration performance, heater-cycling life performance, as 
well as stability-life, survival-life, and intermittent-life perform- 
ance. And they are monitored by 100% microscopic inspection of 
24 or more categories of workmanship. 

RCA “Premium” Tubes are available at RCA Industrial Tube 
Distributors everywhere. 


RADIO CORPORATION OF AMERICA 


® Electron Tube Division a-31-U Harrison, N. J. 
For free booklet (RIT-104-A) giving technical data on RCA “Premium” Tubes and 
other RCA Receiving-Type tubes suitable for exacting laboratory application, 
write RCA Commercial Engineering, Section B-31-U, Harrison, N. J. 
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Power(%) 

FIG. 5. Response of neutron monitor is 

slightly nonlinear with power 


the depletion of U**, Calculations 
show that an exposure of 5 X 10” 
n/cm? would reduce the sensitivity by 
about 10%. 

The dynamic range of the neutron 
thermometers is about one decade with 
a: time constant of ~0.5 min. The 
range is limited by heating due to de- 
layed gamma activity in a pile follow- 
ing its shutdown and beta activity of 
fission products in the button. De- 
layed gamma activity produces about 
1% of the total heating at full power, 
and the beta activity contributes 
another 3%. 

. + * 


The author expresses his appreciation to 
V. F. Hanson and R. L. McCarthy of the 
Engineering Research Laboratory, E. I. 
du Pont de Nemours & Co., Wilmington, 
Delaware, who designed the special cable 
ised with the gamma chamber. The author 
also received considerable help from 8S. 
Mirshak of the Savannah River Laboratory, 
E. I. du Pont de Nemours & Co., Aiken, 
South Carolina, who did the initial design 
vork on the neutron thermometer. 

The information contained here was de- 
eloped during the course of work under 
Contract AT(07-2)-1 with the Atomic Energy 
Commission, whose permission to publish is 
gratefully acknowledged. 
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What makes LIQUID SODIUM 


a first-rate Reactor Coolant? 


At least 6 nuclear power plants now com- 
pleted, planned, or under construction will 
use sodium metal in liquid form to transfer 
heat from reactor to steam generation cir- 
cuit. Why have the designers of these sys- 
tems selected sodium for the job? 

Because sodium is a liquid from 207° to 1621° F., 
a sodium-cooled system can operate at high 
temperatures without expensive pressuriza- 
tion. In this way it can yield steam cycle 
efficiencies equivalent to those of conven- 
tional power plants. 

Liquid sodium can be pumped and circulated 
as easily as water. Further, because liquid 
sodium has good electrical conductivity, it 
can be circulated with an electromagnetic 
pump containing no moving parts. With the 
low melting point of 207° F., it won’t solidify 
in the heat exchanger system if the reactor 
is slowed down. 

Sodium has high heat conductivity, as well as 
good radiation stability and high tempera- 
ture stability. In the absence of oxygen, 
water, and other impurities, it can be han- 
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dled without corrosion in iron and steel 
equipment. 

U.S.I. supplies’ more sodium to outside 
industry than any other producer of the 
metal. For complete information on sodium 
and its handling, send for the free 40-page 
booklet “HANDLING METALLIC SODIUM 
ON A PLANT SCALE”, 





SOME REACTORS WHICH WILL USE SODIUM: 
(1) California—sodium-graphite reactor, 7,500 kw 
(2) Nebraska—sodium-graphite reactor, 75,000 kw 
(3) Idaho—fast breeder reactor, 15,000 kw 

(4) Michigan—fast breeder reactor, 100,000 kw 


(5) Alaska (Anchorage)—sodium-deuterium reac- 
tor, 10,000 kw 


(6) Seawolf—sodium-beryllium reactor 


(7) New York—sodium-beryllium reactor 











US PNpusteiat cuemicats co. 


Division of National Distillers and Chemical Corporation 


99 Park Avenue, New York 16, N. Y. 
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TA SCALER 


DECADE 
UNITS! 








MODEL DS-5. General purpose 
counting instrument has 5 plug-in 
decade units, which permit a 
direct count up to 199,999 with- 
out the use of external registers. 
Overall resolution time is 5 micro- 
seconds per puise pair. “‘Mono- 
matic’ single lever control starts, 
stops, and resets count and time, 
thus simplifying operation. 


T/A Accessories for use 
with DS-5 Decade Scaler 


} 
* 
459 . 


&. 
ay 


Scaler shown with LS-7M Lead Shield 
and Model SD-1 Scintillation Detector 


Model CR-1 Count Register and 
Medel PT-1 Predetermined Timer 


For complete details 
write for Bulletin No. 140. 


TECHNICAL 
ASSOCIATES 


Instrumentation for 
Nuclear Research 


140 W. Providencia Ave. + Burbank, Calif. 
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lsotope Dilution, a-Spectrometer 


for U and Th Determination 


By L. E. HOWARD* 
Bureau of Mineral Resources 


Melbourne, Australia 


In assaying rock samples for uranium 
and thorium, physical methods are fre- 
quently preferred to chemical analysis 
because they are quicker and more 
suited to a routine procedure. 

Except in the case of the fluorimetric 
method (1), the physical methods re- 
quire the measurement of nuclear radia- 
tions from the sample. If uranium 
and thorium both occur in a rock sam- 
ple, particularly if either or both are 
not in equilibrium with their daughter 
products, the interpretation of the 
radiometric measurements is usually 
difficult. 

For assaying rock samples, a method 
should be applicable to concentrations 
ol 0.05 5% 
Rocks containing <0.05% uranium or 


uranium or thorium 
thorium are of no commercial signifi- 
cance, and rocks containing >5% are 
uncommon and can be assayed by 
diluting in a known ratio. 

Separate gamma and beta counts (2 
enable the state of equilibrium of a 
uranium sample to be determined and 
allowed for. It also enables assays to 
be made if there is thorium present, 
provided the uranium can be assumed 
to be in equilibrium with its daughters. 

Another method (3) makes use of 
the difference in the gamma-ray spec- 
tra of uranium and thorium minerals. 


Scintillation-counter measurements are’ 


made of the gamma activity in two 
energy channels in which the relative 
intensities of the radiations from the 
uranium and thorium series are as dis- 
similar as possible. If a beta count is 
also made, the concentrations of ura- 
nium and thorium may be determined 
even if the uranium is not in equilib- 
rium due to escape of radon. Emana- 
tion methods (4) involve the meas- 
urement by alpha counting of the 
concentrations of the inert gases radon 
and thoron (Em?*°), which are removed 
from the rock sample by melting or 
boiling a solution. Radon can be dis- 


tinguished from thoron by its much 


* PRESENT ADDRESS: Dept. of Geophysics 
Australian National University, 
Australia. 


Canberra 


These methods are 


accurate and sensitive but the assump- 


longer half-life. 
tion is necessarily made that the U?%* 
and Th?* are in equilibrium with Ra**® 
and Ra??*, 

The fluorimetric method involves 
both phy sical and chemical procedures 
and depends on the atomic rather than 
the nuclear properties of uranium. 
The method is extremely sensitive but 
cannot be applied to the determination 
of thorium. , 

Ionization chambers can be used in 
two ways. In the first, the alpha- 


particle pulses are counted or the 
steady ionization current is measured. 
This method obviously offers no means 
of determining the U-to-Th ratio or 
the equilibrium state of the sample. 
The ratio has been estimated (5) by 
adding an absorber and observing the 
change in counting rate. The accu- 
racy would be rather low and, more- 
over, no determination of the equilib- 
rium was made. The second way of 
using an ionization chamber is to meas- 
ure the alpha-particle energies by ob- 
In this 
way the alpha spectrum can be drawn 


serving the pulse amplitudes. 


and the states of equilibrium of both 


series can be determined. However, 
for good energy resolution it is neces- 
sary to deposit the sample in the form 
of a very thin film on a metal plate. 
However, the small sample will yield 
This difficulty 
has been partly overcome (6) by using 


a low counting rate. 


a gridded ion chamber with large-area 
electrodes. 

The isotope-dilution method using 
a& mass spectrometer has been used (7) 
to determine uranium and thorium in 
granite. The method is extremely 
sensitive, but the solid-source mass 
spectrometer and the complex chemi- 
cal procedures make it unsuited to 
general use. 

The method we 
effect combines the last two methods. 


propose here in 


That is, it uses a gridded ion chamber 
as a simpler alpha spectrometer and an 
isotope-dilution technique to determine 
concentrations. The chemical proce- 
dures are also simplified because iso- 
topic weights are not measured but 
only the ratio of their weights. The 
sensitivity is much greater than the 
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We offer these advantages 


to prime contractors in the 


nuclear energy field 


ye THE SERVICES of nineteen widely 


dispersed laboratory centers working 
with the finest equipment for nuclear 
energy component research, develop- 
ment, engineering and testing. This 
includes one of the three largest 
privately-owned analog computers in 
the country, and outstanding capabili- 
ties in high-temperature, corrosion- 
resistant metallurgy employing stainless 
steels, aluminum, magnesium, niobium, 
zircalloy, molybdenum and other 
modern metals. 


THE FACILITIES of twenty-five 
manufacturing plants, located in nine- 
teen different cities, with the equipment 
and experience to hold nuclear energy 
components, assemblies and systems to 
tool room tolerances in volume produc- 
tion. These facilities include the coun- 
try’s largest array of precision machine 
tools under one roof and the largest 
induction vacuum furnace. 


¥e A DIVERSITY OF PRODUCTION 


PROCESSES that include high- 
precision forging, impact extrusion, 
roll-forming, welding, tube-gathering, 
investment and die casting, and every 
kind of quality machining. 


THE BENEFITS OF YEARS of ex- 
perience with system and sub-system 
electronic, mechanical, pneumatic and 
hydraulic engineering and production. 
Founded in 1901, much of this experi- 
ence has come from our background 
as a major developer and producer of 
high-precision heat-resistant compo- 
nents, assemblies and systems for the 
automotive, aircraft and electronic 


industries. 
* * & 


Please ask us to give you additional 
information about ourselves that ap- 
plies specifically to your own interests 
or problems. Visit our exhibit at the 
Atom Fair, Chicago, March 17-21. 


Thompson 
You can counton (Ip Drodycts 


as a partner in solving the design and production 
problems of an advancing technology 
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SCINTILLATION 
PHOSPHORS 


Nuclear Enterprises, pio- 
neers in scintillation count- 
ing since 1949, now offers 
the following types of new 
products for scintillation 
detectors. 


PLASTIC PHOSPHOR 
NE 102 


Varied applications include— 
@ Blocks for human body counters. 


@ Slabs for cosmic ray and fast particle 
detectors. 


@ Thin sheets for alpha and beta counting. 


@ Cylinders for gamma and fast neutron 
detectors. 

This new plastic scintillator possesses ex- 

tremely high light output and short decay 

time, and combines superior performance 

and high counting speed with maximum 

efficiency and economy. 


BORON POLYESTER 
NEUTRON DETECTOR 
NE 400 


For new simplicity and 
neutron detection. 


efficiency in 


This is @ new boron polyester composi- 
tion containing ZnS (Ag) activator. It 
provides high detection sensitivity with 
an excellent neutron to gamma response 
ratio. Supplied in thin discs with or 
without enriched B’. 


OTHER NEW PRODUCTS 


@ Loaded liquid scintillators containing 
Pb for X-ray and high energy gamma 
sensitivity and Gd, B, or Cd. for 
neutron detection. 


© Scintillating gels for efficient internal 
counting of suspended materials. 


® Scintillation chemicals of highest purity 


where research COUNTS 


enterprises lid. 


1750 Pembina Highway 
WINNIPEG 9, CANADA 


Associate Co.: 
Nuclear Enterprises (G. B.) Lid. 
Bankhead Medway, Sighthil!, Edinburgh 11, Scotland. 
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100 F 
80 
60 5 
40 
20 


0 4 L 4. Aenualin 


30 34 38 42 46 50 
Alpha Energy (Me v) 


TYPICAL THORIUM alpha spectrum 














Number of Counts (arbitrary units) 


simple method of using a gridded ion 
chamber because the material is de- 
posited on the negative electrode as a 
practically pure thorium salt rather 
than as a powdered rock sample of 


relatively low thorium or uranium 


content. 


Isotope Dilution 


The simplest case for applying iso- 
dilution is that in which the 
form of the element consists 


tope 
normal 
of a single isotope but where the ele- 
ment can also be obtained as a different 
isotope not mixed with the normal one 
The procedure is to take an accurately 
weighed quantity (W gm) and bring 
it into solution (or at least ensure that 
all the element to be 
brought into solution). A 
amount (W:2) of the different isotope 
which is usually referred to as the 


spike, is added and the two are thor- 


estimated is 
known 


oughly mixed. 

Some of the element is extracted 
chemically from the sample and the 
the 
extracted element is Let 
R be the ratio of the weight of the 
normal isotope to the total weight of 
the element in the extracted sample 
after mixing with the spike, i.e., 


relative isotopic abundance of 


measured. 


R = W,/(W, + W: 


= weight of element in the 


Then 


where W, 
sample to be assayed. 


W, = [R/(1 — R)|W;, 
and the percentage concentration of 
the element in the original sample is 


immediately determined in terms of 
the known quantities R, W and W, as 


(= RW, ) , 
—-100}) % =| ——- - — 100] & 
W 1-R W 


Two elements insample. The prin- 


ciple can be extended to the case where 


both elements are present in the sample 
and the spike in ratios that are known 
or can be determined. 

Let W, be the weight of the element 
in the sample and W,; and Wa: the 
weights of the isotopes in the sample, 
with R, W.ai/W.. Similarly let W,, 
Wr, and Wr. be the weights of the 
spike and of the same two isotopes in 
the spike and R, = Wi:/W,. Then in 
the mixture 


p - Wat Wo _ 


Wat We 


RaW. + RW 
W.at+ We 


W, is the only unknown quantity in 
this equation, which can be re-arranged 
as W, = W.(R, — R)/(R — R.). The 
percentage concentration in the sample 
is therefore 


(= ) : 
—-100) % 
W 
R,-—-R W, = 
= —-+-—-100} % 
R-—R, W 


Since the uranium and thorium iso- 
topes emit different characteristic alpha 
particles, the relative abundances can 
be determined from the alpha-activity 
ratio and the known half-lives. We 
mez} therefore replace the mass spec- 
trometer by the simpler and less expen- 
A gridded 


ion chamber used as an alpha spec- 


sive alpha spectrometer. 


trometer has adequate resolution to 
separate clearly the thorium isotopes, 
which emit alpha particles with ener- 
gies of 3.98 Mev (Th*8?), 4.68 Mev 
Th?*) and 5.3 Mev (Th?**), 


Experimental Procedure 


In many instances it will be evident 
from other considerations that only 
thorium or uranium is present in the 
sample and not a mixture. 

Determination of U (Th absent). 
A normal thorium compound ThO, 
should be added The 
thorium used should be checked with 


as a spike. 


the spectrometer to ensure that it does 
not contain ionium (Th2*) to a meas- 
urable degree. If ionium is present (it 
was not present in the thorium salts 
used by us), a correction can be made. 
The rock sample and a weighed 
amount of ThO>s are dissolved in acid 
Boiling in nitric or sulfuric 
acid for a few hours is usually suf- 
ficient to bring the thorium into solu- 
tion but some refractory thorium ores 
require more drastic treatment (8). 
The thorium extraction is less critical 
since all the thorium need not be ex- 
tracted. The only impurities that 
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RCA 
DPDyosents 


a new closed circuit 
TV 


systems 
camera 


(TK-201) 


featuring 


The new TK-201 Equipment 


Modular-type Control! Unit eR edule wre Try Oh a 


@ Designed for TV systems use 


The TK-201 TV Camera Chain can be used as the basic unit in establishing a closed 
circuit television system. It can also be inexpensively added to an already established 
system, because of its modular-type control unit. This makes it possible to supply 
in the control unit, only the specific combination of subchassis (sync, pulse and 
blanking amplifier) required for a particular application. This combination is 
determined by (a) the type of syne required and (b) the number of cameras in the 
system. Also, for system use, the operating panel on the control unit is readily 
removed for standard rack mounting at a remote camera control position. 


@ Assures excellent picture quality 


Up to 600 horizontal line resolution—8 mec band width—good gray scale rendition. 
Achieved with aperture correction and low noise circuitry. 


@ Line of accessories provides flexibility 


Includes pan and tilt mechanisms, remote focus, iris controls, weather-proof, dust- 
proof, or explosion-proof housings and switching equipment to make the TK-201 
system useful in many applications. 


Find out how RCA closed circuit Television can serve you better and save you money — Mail coupon. 


Radio Corporation of America, Broadcast and Television Equipment 
Dept. C-86, Bldg. 15-1, Camden, N. J. 
in Canada: RCA VICTOR Company Limited, Montreal 


Please send me literature on the new moderate-priced RCA Type TK-201 Closed 


Sunes Circuit Television Equipment for systems use. 
mk(s) @ 


RADIO CORPORATION 
of AMERICA 
BROADCAST AND TELEVISION EQUIPMENT 
CAMDEN, N. J. 


| am interested in following application. 


Hove representative call. 
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... TRANSISTORIZED PRINTED CIRCUIT—no moving parts!| CROSS SECTIONS 


h ... LOW COST 1% volt FLASHLIGHT BATTERY POWER! 
..» FOOLPROOF, SIMPLIFIED OPERATION! 


UAC 700 TRANSISTORIZED 
BETA-GAMMA MONITOR 
with sensitivity ranges of 0-0.5; 
0-5.0; 0-50.0 mr/hr. 


Greater safety is in your hands 
with Universal Radiation Monitors 


Universal beta-gamma personnel safety instruments provide 
transistorized printed circuitry, with its stability, low maintenance, and rugged, 
long life! Teamed with Universal’s transistorized high gain power supply, 
this circuit offers unequalled economy of operation, 
light weight, improved sensitivity, and greater durability .. . all proven in use. 
Among the features of the UAC 700 beta-gamma safety monitor are: 

@ Savings average $23 a year in battery replacement costs compared with 
conventional non-transistorized units. 
e@ Rugged, stainless steel 30 mg/cm? GM tube. 
@ Foolproof battery accommodations make it impossible to damage 
the instrument by reversing polarity. 
Similarly, each instrument in Universal’s hand portable safety package 
is setting new standards of economy and utility in radiation monitoring for 
leading industrial laboratories, manufacturers, oil companies, 
reactor installations, hospitals, agricultural research groups and universities. 
Every unit is quality-tested at Universal's atmosphere-controlled plants. 


noe 


cay 


UAC 138, 730, 740 DOSIMETER PENS UAC 750 TRANSISTORIZED 
Self-reading quartz fiber dosimeters DOSIMETER CHARGER 
with ranges to 200 mr (2138); 20R Compact, lightweight. Precision poten- 
(#730); and 100R (2740). Unique mask tiometer directly adjusts quartz fiber to 
for easier reading any desired position. 


Write for full specifications and prices. 


Wniversai AA tomics’ 
A DIVISION OF 
Transistor 
UNI V ERSAL Products Corp. 
Dept. N28 3S Sylvester St.. Westbury, L. I. N. ¥ 


Bdgewood 3-3304 Cable: Univatoms 
IN CANADA — ELECTRONIC ENTERPRISES REGD. 551 OAKWOOD AVE., TORONTO 10. ONT. 
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would cause trouble are uranium and 
polonium since they emit alpha parti- 
cles with energies in the range investi- 
gated. Thorium has been separated 
| by successive precipitations as iodate 
and oxalate, followed by ignition to the 
| oxide and conversion to the nitrate. 

The extracted thorium nitrate must 
be deposited as a very thin film on an 
faluminium disk. We use a modifi- 
cation of the Zapon-lacquer technique. 
| About 30 mg of thorium nitrate is dis- 
|solved in 20 ml of ethyl alcohol. 
About 50 ml of clear metal lacquer 
| thinner is added and thoroughly mixed. 
Finally, 5 ml of clear metal lacquer is 
| added and the mixture is shaken. 

. om layer of the lacquer is applied with 
a fine brush to the disk, dried for a few 
minutes under a heat lamp and then 
ignited over a Bunsen burner. The re- 
sulting layer is almost invisible. A 
single layer was found adequate as it 
produced as many pulses per second as 
the analyzer could measure. 

An alpha spectrum is now obtained 
on the spectrometer for the extracted 
thorium (see figure). The Th?*°/Th?*? 
ratio in the mixture is calculated from 
the spectrum. If it is assumed that 
the ionium is in equilibrium with U?*, 
the amount of uranium can be calcu- 
lated. If R is the measured Th?*, 
Th?* ratio, then 


11) + (AeT2/Ws2) 


where W,, A;, 7; are the weight in the 
mixture, atomic weight and half-life of 
ionium, and Ws, Ae, JT. are similar 
values for Th?**. Therefore 


W, = RAT, W2/A:2T? 


If W;, As and 7’; are similar values for 
U2%8, then 


Ws = RA;T3- W2/A:T: 


and the uranium concentration in the 
mixture is R(W2/W)(A3T3/A2T:)100 
%. For greatest accuracy, the peak 
heights in the alpha spectrum should 
be as nearly equal as possible. It is 
usually possible to obtain a rough esti- 
mate of the activity of the sample by a 
simple beta or gamma count. To ob- 
tain equality of peak heights, about 
three times as much thorium should be 
added as the estimated amount of 
uranium in the sample. 

Determination of Th (U absent). 
The procedure in this case is precisely 
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APRIL 1958 


NUCLEONICS CATALOG 
will be ready 


FOR DISTRIBUTION TO OVERSEAS NUCLEAR USERS 


® Remote Area Monitoring Systems ® lonization Chambers 


® Medical Radiation Instruments ® Proportional Counters 


® Scintillation Crystals 


; ) (alpha, beta, fast neutron, plastic 
® Medical Radium, Polonium, phosphors, anthracene, stilbene, 
Radio Lead, Neutron Sources sodium iodide) 


® Personal and Area Dosimeters 


® Photomultiplier Tubes ® Geiger Counters and Scintillators 


® Fission Chambers © Special Purpose Electronic and 
Nucleonic Components and 
® Counter Tubes Equipment 


Write for Your Copy Now! 


TRI L 135 Liberty Street, New York 6, N. Y. + U.S.A. 
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—— SECTIONS 


i ate ee = ws Ted (=¥s | r/ a the converse of the previous. A known 
Tilelttqegk) |amount of uranium in the form of 


pitchblende is added. The _pitch- 
blende is checked to ensure that the 


= s 
Area-Monitoring ionium is in equilibrium with the U?** 


but it is extremely unlikely that this 
inst ruments would not be so. Also, there should 
| be no thorium from the Th2* series in 
the pitchblende. The chemical pro- 
| cedures are the same as in the previous 
example and the same equations apply. 
However, W. is now an unknown 
quantity and W; (the amount of ura- 
nium added) is known. 
Therefore 


RIGGS 
Remote Area Gamma 
Monitor (GA-3 Series) In radiometric assaying it is usual 


to express results as percentage U;08 
A completely self-contained, independent system with pressurized or ThOs equivalent. To do this, the 
logarithmic response ionization chamber. Model GA-3B has Mercury bat- : 
tery supply for 4 months continuous operation. Model GA-3BA same as 
GA-3B but with AC power supply failsafe to DC. Model GA-3A available plied by 1.179 and 1.125, respectively. 
in AC power supply only. ; Simultaneous determination of U 


and Th. Some thorium minerals, e.g., 


RELAY RACK MOUNTING (WE) 7 monazite and thorite, frequently con- 


The RIGGS four-gang rack unit may be tain significant amounts of uranium. 
any combination of the above GA-3 series ; In this case the procedure is more com- 
remote area monitoring instruments. A separate Jicated 
power supply is not required. This eliminates the possibility _ ; : 
of complete shutdown in event of power supply failure or during mainte- 1. A spectrum is taken of thorium 
nance to the monitoring instruments. extracted from the sample without add- 
The RIGGS system permits service to each individual unit, when necessary, 
without affecting continuous monitoring by the others. 


Tl aes 100¢ 
% = —e a ( 
AsT; . 


calculated percentages must be multi- 


Two methods are possible. 


ing any spike. This enables the 
Th/U ratio in the sample to be ob- 
General Features and Specifications | tained. A suitable spike is added to 
Any continuous combination 3-decade logarithmic ranges from the original sample and some thorium 
-01 mr/hr to 100,000 R/hr. extracted. From the new spectrum, 
Energy Dependence Recorder Output the total thorium content (i.e., thorium 
Flat to within +10% from 10 mv operated directly from 

80 KV to 1.2 Mev output of unit. 


Alarm Control System Electronic Calibration —s 
Meter relays DC manual (optional) Complete circuit check of all ranges termined ratio the individual concen- 
Alarm relay rated 115V AC 2 amps. both ends of scale. trations of thorium and ionium may be 


+ionium) of the original sample is cal- 
culated, and from the previously de- 


calculated. 
2. An alternative method that re- 


RIGGS Log-Linear Gamma-Beta quires only one thorium extraction 
olves sasuring the 5.3-Mev Tl 
Portable Survey Meter (Model GB-1) nv tag ee Ser aingpicag len gs be 


line in addition to the other two. It 
Log-linear pressurized ionization chamber portable survey meter. Fast also oe os 8 spike some thorium 
response time O to 1 mr/hr linear and 2 to 3 decade ranges from 1 to that is isotopically different from 
1,000 mr/hr, .1 to 100 R/hr. Mercury battery powered—300 hr. con- normal thorium and from ionium. If 
tinuous operation, one year intermittent. Allows fast lab monitoring of 
low level Gamma-Beta radiation with the linear range and incorporates : 
two higher log ranges for general survey work. Energy dependence —flat cally from its daughter products, the 
to within +10% from 80 KV to 1.2 Mev. relative amounts of Th**? and Th?28 


are the same as in the series in equili- 


normal thorium is separated chemi- 


Write for free illustrated technical 
literature and price lists | | | r 
FSi! 


Patented and Patents Pending 


tio reaches a minimum of about one- 


) | | | brium. However, the Th??8/Th?*? ra- 


half the equilibrium ratio after six 
years and then increases again to its 


RIGGS NUCLEONICS CoO. equilibrium value. Therefore a thori- 


717 North Victory Boulevard, Burbank, California | um salt that was separated about six 
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Used at Shippingport 


The great, new, pioneering atomic energy pow- 
er plant at Shippingport, Pa., the world’s first 
full-scale atomic power plant devoted exclusive- 
ly to peacetime uses, a joint project of the 
Atomic Energy Commission and Duquesne 
Light Company of Pittsburgh, uses [LLCO 
Nuclear Grade resins for the purification of the 
water used for heat transfer and shielding. 
Water in a nuclear reactor system picks up 
small amounts of contamination from the con- 
struction materials, and this must be removed 
to eliminate the radiaoctivity that collects on 
the contaminant materials. Conditions at Ship- 
pingport called for resins of exceptional purity, 
and ILLCO Nuclear Grade resins were devel- 
oped to meet the requirements. 


NUCLEAR GRADE 


A PRODUCT OF 
EXCEPTIONAL 


PURITY 


ILLCO Nuclear and Technical Grade 
ion-exchange resins have been developed to 
meet the needs of various research and 
process applications where higher-than- 
ordinary purity of the resin is required. 
Such a degree of purity becomes important 
where conditions call for water of unusually 
high resistance. Ordinary resins, which 
contain small amounts of both organic and 
inorganic impurities, cannot produce an 
effluent of the necessary purity because of 
contamination introduced by the resin itself. 
Illinois Water Treatment Company research 
and engineering staffs have developed 
means for minimizing all the impurities 
common to ordinary resins, and also for 
super-regenerating the resins so they will 
deliver maximum capacity. In addition, 
ILLCO Nuclear and Technical Grade resins 
can be provided with a reversible color 
indicator that gives clearly visible indication 
of rate or extent of exhaustion. Nine 
standardized types of Nuclear Grade resins 
are available, and special resins can be 
produced on request. 
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ILLINOIS WATER TREATMENT CO. 
840 CEDAR ST., ROCKFORD, ILLINOIS 


New York Office: 141 E. 44th St., New York 17, N.Y. 


Vol. 16, No. 2 - February, 1958 


@ CANADIAN DIST.: Pumps & Softeners, Ltd., Cenada, Ont. 


119 





McGRAW-HIL 


whatever .@ * 


your 
publication needs... 


Equipment Manuals — Product Cata- | 
logs — Handbooks — Training Aids — | 


Industrial Relations Literature — Pro- 


cedural Guides — Engineering | 


Presentations — — — and any type of 
technical literature 


use our speciglists in — — — 
WRITING . . . EDITING 
ILLUSTRATING .... PRINTING 


McGRAW-HILL 
Technical Writing Service* 
330 West 42nd St., N.Y.C. 36 
LOngacre 4-3000 


| channel 


CROSS SECTIONS 


This article starts on page 112 


years earlier can be used as a spike to 
determine the amount of normal thori- 
The amount of 
then be 
rately determined from the ratio of the 
ionium peak height to that of Th*** or 
Th***, 


The calculations in these two cases 


um in a sample. 


uranium present can sepa- 


are similar to those in the preceding 
two cases, though longer. 


Apparatus 


The apparatus includes an ion cham- 
ber, high-voltage supply, preamplifier, 
amplifier, cut-off amplifier and multi- 
analyzer. The 
reasonably standard. 

The pulses the 
chamber are ~100 microvolts/Mev of 


circuits are 


from ionization 
alpha-particle energy when measured 
on the grid of the first amplifier tube 
and are proportional to the alpha en- 
ergy. These pulses are amplified to 25 
volts for 3-Mev alphas. They are 
then passed through a 
circuit so that the pulse amplitude is 


subtracting 
decreased by 25 volts. The resulting 
pulses are amplified further by a factor 
of four and fed into a 
This analyzes the pulses in- 


multichannel 
analyzer. 
to 24 channels from which the spec- 
trum can be plotted. 

In practice, the subtractor bias and 
the gain of the following amplifier were 
arranged so that the analyzer recorded 
the spectrum between 3.7 and 5.6 Mev. 
All pulses corresponding to higher- 
energy alpha particles were recorded 
together in the final channel. 

lon chamber. 
of the 
The electrode structure was supported 


The ion chamber was 
gridded-parallel-plate type. 
on polystyrene insulators inside a 10- 
in.-dia steel cylinder. As the 
trodes were at least 2 in. from the walls 


elec- 


of the cylinder, the background count 
was negligible. The negative electrode 
and the collecting electrode were 10- 
circular disks, 8 em apart. 
The grid consisted of 38-SWG copper 


em-dia 


wires 0.15 cm apart and 2 cm below 
the collecting electrode. 

It can be shown that if the shielding 
efficiency of a grid (e) is defined as 
collector) 


1 — (charge induced on 


(charge present near negative elec- 
trode), then e is given by e = 1 — 
k(1 — C’/C), where C’ is the capacity 
between the grid wires and the two 
electrodes and C is the capacity be- 
tween a hypothetical plane sheet in 


the plane of the grid wires and the two 


electrodes. 
by 


The capacity C’ is given 


2a l 9 b 
c 610) ‘\a 


where a is the distance between the two 


C’ = 
2d log 


plane electrodes, b is the distance from 
the grid to the negative electrode, c¢ is 
the radius of the grid wires, and d is 
the 
adjacent grid wires. 


the centers of 
The theta-func- 
tion (9) parameter is tT = d/2a. 


distance between 


On substituting the above values, 
the shielding efficiency of the grid is 
~99%. Lack of resolution due to in- 
duction on the collecting electrode by 
negative ions may be safely ignored. 

The chamber was evacuated with a 
mechanical pump and then filled with 
commercial argon (99.8% pure) to a 
No addi- 


tional purification was necessary. A 


pressure of 2.5 atmospheres. 


negative voltage of 2 kv was applied 
to the negative electrode and the col- 
lecting electrode was earthed through 
There 


was a slight (<2%) change of ampli- 


a 100-megohm load resistor. 


tude of the pulses with a change of 
EHT voltage between 500 volts and 
2,000 volts, indicating the negligible 
effect of electron-capturing impurities 
such as oxygen in the gas. 

The 
6AK5, specially selected for low-grid 


preamplifier consisted of a 


current and noise. It operated as a 


triode amplifier with a gain of two. 
The main amplifier consisted of three 
feedback rings of three, each stabilized 
by negative feedback from the cathode 
of the final tube to the cathode of the 
first tube. It had 
time constant of 8 usec and an integrat- 


a differentiating 


ing time constant of 10 usec. 

The multichannal analyzer was simi- 
lar to that described by Wilkinson (10) 
but with slight modifications and fewer 
The 


recorded on standard telephone regis- 


channels. channel counts are 


ters. The analyzer can therefore count 
only at a slow rate, and a blocking 
pulse applied to the input limits the 
rate at which pulses are fed into the 
This slow 


counting rate is no great disadvantage 


analyzer to about 6/sec. 


since the alpha-emission rate of the 
thin thorium film is only of this order. 
A useful spectrum can be obtained in 
about 15 min. It should be noted that 
the results would not be as accurate 
with a single-channel analyzer. This 
is because every alpha particle in the 
selected band is recorded by the alpha 
spectrometer and the number of pulses 
in a certain peak is clearly determined, 
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cleaning and chemical processing 
unit available anywhere! 


whereas if a single-channel analyzer is 
used, the number of pulses in a peak 
must be determined by drawing a curve 
through a finite number of points, 


Sensitivity, Accuracy 


| 


There is no lower limit to the con- 
entrations in rocks that can be meas- 
d by this method.. However, the 
er the concentration, the more 
ult are the chemical extractions 
suse the amount of rock required Generator G-201, 


| the possibility of contamination nara: Tank NT-201 
both greater. 


ks have been assayed by this 
d with activities as low as 0.1% 


r ThOs equivalent. This lower $ 
t could probably be extended to 
% without unduly complicating 
hemistry. Now, no one need put off buying an ultrasonic cleaning or chemical 
processing unit because of cost! Narda’s mass production techniques have 
done it again—this time, a top-quality 35-watt unit, complete with stainless 
steel transducerized tank with tremendous activity, at the lowest price in 
the industry—and with a full 2-year warranty besides! 
lines. It is therefore approxi- What do you want to clean? Hot lab apparatus, medical instruments, 
proportional to the square root electronic components, optical and technical glassware, timing mechanisms 
ounting time. It should be —the Narda SonBlaster cleans ‘most any mechanical, electrical or horo- 


uracy is determined mainly 
statistical fluctuations in the 
of alpha counts in the indi- 


logical part or assembly you can think of — and cleans faster, better and 


ered that the isotopic ratio is 
he cheaper. It’s perfect, too, for brightening, polishing, decontaminating, 


d as the quotient of two sterilizing, pickling, deburring, and plating; emulsifying, mixing, impreg- 


iriates. Its variance is there- nating, degassing, and other chemical process applications. 
pI yximately proportional to the What's more, two tank sizes are available, and there’s a duty cycle 
the variances of the individual timer at only $10 additional. Couple all these advantages with the low, 
This theoretically justifies low price, and you'll see why you can’t beat the Nerda Series 200 Son- 
q Blaster (as well as the larger models) for top value. Mail the coupon now 


ing the heights >» alpha-ene , : 
ig the heights of the alpha-energy for free help in determining the precise model best for you. 


nearly equal as possible. SPECIFICATION e 





Generator 
tho wishes to acknowledge the Model No 


of B. Scriven, who did all the | 


. * + 


Tank Interior Tank 


Model No. tank size (in.) Capacity | Price 





G-201 


NT-201 $i 1/8 gal. | $175 


rk, and D. F. Urquhart, who 
® Yr *¢ ~~ > 
! - —s and advice. , Dr. R. G-201 | 
he ustralian National University 
Davidson of the Bureau of Mineral 
ussisted in the preparation of the 
The experimental work was 
the Radioactive Laboratory. of the 





4-7/8 diam. 





NT-202 6-1/2 deep x | 3/8 gol. $210 





Mode! G-202 Generator (same as G-201, but with duty cycle timer) 
available with either tank above, $10 additional. 
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This teaching tool 
adds realism to 


NUCLEAR 
ENGINEERING 


COURSES 


To help train nuclear engineers, 
Leeds and Northrup is building 
simulators which electronically 
recreate the behavior of actual 
reactors. Universities and engi- 
neering schools are finding that 
these compact devices enable stu- 
dents to gain first-hand under- 
standing of reactor operation, 
safely and economically. Kinetics 
of various reactor types are re- 
produced in each simulator by 
convenient adjustment of such 
vital reactor parameters as: 

a safety and control rod worth 
amean neutron lifetimes 

a primary source intensity 

a fractions of delayed neutrons 


A student manual describing 
many instructive experiments 


adds to the value of this practi- | 


cal teaching tool. 

Reactor Simulator Data Sheet 
E-03(2) gives details. Write L&N, 
4936 Stenton Ave., Phila. 44, Pa. 
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iN 
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| EBR-| Starts Up 
With Mark Ill Core 


| Testing Station, Idaho Falls, Idaho (NU, Jan. ’58, 26). 


| the reactor’s positive temperature coefficient. 


expansion. 


| designed expressly to test these hypotheses. 


the core and inner blanket. 


NUCLEAR ENGINEERING NOTES 


After nearly two years since the meltdown of its 
Mark II core, Experimental Breeder Reactor-I 
(ERB-I) is back in operation at the National Reactor 
The reactor had been 
put out of action by a power excursion (NU, Jan. ’57, 84) during investigations of 
Since then it has been generally 
agreed (NU, Apr. ’57, 62) that the positive temperature coefficient was most 
probably caused by bowing of the fuel elements in the Mark II core due to thermal 
It has also been felt that the previously noted resonance instability 
of EBR I is related to the positive coefficient and thus also depends on this 


| design peculiarity. 


On November 11, 1957, EBR-I was started up again with a core, the Mark ITI, 
Among other things the Mark III 
can be operated either with or without fuel element bowing. After the new core 
has been gotten up to full power, Argonne National Laboratory personne! will 
then be in a position to make positive checks on the effect of this kind of fuel 
element distortion. 

The Mark III design covers two of the main parts of the EBR-I structure: 
These sections are contained in a double wall tank 
Mark III is 9 ft, 5 in. long. The outer wall is 
The assembly is cooled in the reactor by 


called the inner tank assembly. 
constructed of laminated steel discs. 
sodium-potassium alloy. 

The third major portion of EBR-I, an outer air-cooled breeding blanket of 
natural uranium, remains unchanged. 

To achieve a more rigid core, a new type of fuel rod was developed for Mark ITI. 
Each rod has a zirconium cladding, or protective jacket, three zirconium spacer 
wires, or ribs, that steady it in relation to others in a fuel assembly, and a tri- 
angular tip at the bottom for angular positioning in the core. 

Fuel rod assemblies are used in Mark ITI, rather than the individual rod scheme 
employed in the original EBR-I design. The rods are contained in hexagonal 
tubes and are tightened in their container by means of a center tightening rod 
made of aluminum bronze encased in a stainless steel tube. 

This rod has keys along its length that enable it to expand and force the fuel 
rods out against the side of the hexagonal tube, thus making a rigid assembly 
that will be free of the bowing effect believed to have existed in the fuel rods 
in the previous Mark II core. 

Fuel assemblies are then inserted in the core and tightened with tapered clamps 
at the center line of the fuel core, insuring rigidity of the hexagon pack under full 
power operation. 

Each fuel assembly in Mark ITI contains up to 36 natural and enriched uranium 
rods, clad with a zirconium alloy, and one tightening rod. Maximum capacity 
of the core is 252 fuel rods containing 60 kg of enriched uranium. 

Provision is made for permitting either series or parallel coolant flow through 
the inner blanket and core of Mark III, giving greater flexibility to operational 
testing. 

Mark III also includes an extensive temperature measuring system. 
couples are located at points in the structure where possible thermal expansion 
The previous cores, Mark I and II, had fewer 


Thermo- 


might lead to reactivity changes. 
thermocouples. 

Surrounding the fuel rods in the core are approximately 430 blanket rods made 
of natural uranium—2¥% zirconium alloy. Some blanket rods are placed in fuel 
assembly tubes to fill spaces not occupied by fuel rods, and others make up 
blanket assemblies. 

Dimensions of the complete inner assembly, the part redesigned for the Mark 
III loading, are approximately 19 in. in length and 143¢ in. in diam. Within 
this assembly the fuel rods are a composite, with the center section highly en- 
riched and the ends natural uranium. As assembled this highly enriched center 
section is 814 in. long by approximately 734 in. in diam. 

Before the meltdown EBR-I had a record of four years of reliable operation 
during which it produced 4,000 Mwh of heat and turned out the world’s first 
reactor-made electricity. With its new core, EBR-I will eventually reach an 
operating power of 1.4 Mw(th) and an electrical output of 200 kw for a Na out- 
let temperature of 600° F., 


February, 1958 - NUCLEONICS 








NUCLEAR ENGINEERING 








Insulation thimble Location of two fuel 


between D20 and 
vV2 


Can support 





rods cans of which melted 


Insulation tube 


CO9 inlet 


CO» outlet 





be ea 





Fuel channel of El2 reactor containing four fuel rods 


FIG. 3. 


FIG, 2 


EI2 fuel rod showing melted magnesium cladding 


Radiograph of rod shown in Fig. 3 


Safety of Magnesium Canning 
for CO,-Cooled Reactors 


By MARC SALESSE 


Commissariat 4 I’ Energie Atomique, Centre d’ Etudes Nucléaires, Saclay, France 


4 fortuitous experiment made in 
France in El2,* the modest ancestor of 
CO-cooled reactors, supplies an en- 
couraging indication of the safety of 
reactors using magnesium-canned, CO-- 
cooled fuel elements. 

There has been some concern during 
the last years about the safety of mag- 
nesium canning in CO.-cooled reactors 
at 450° C 

Independently of problems that may 
arise from the poor mechanical proper- 
ties magnesium at high tempera- 
tures, there is a possibility of a violent 
chemical reaction between magnesium 
and carbon dioxide. For the reaction 
2 Mg + CO.— 2 Mg 0+ C, which is 

of the possible reactions, the free- 


is a 2.5-Mw reactor cooled with 
1t 10 atm and a velocity of 70 meters 
t gas temperature is 120°C. Fuel 
are cylindrical rods of magnesium- 
uranium; maximum tem- 
perature of can is (normally) 350° C. 
There are four fuel elements per channel. 
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sec it 

elements 
d 
] 


canné natural 


energy change at atmospheric pressure 
is G = —160 kcal at 400° C.t 

Oxide films, of course, may inhibit 
the reaction. 
oxide film is reasonably protective up 
to 450° C. Above 500° C, the oxida- 
tion rate increases rapidly with tem- 
perature. But, rather surprisingly, it 
was never possible in laboratory experi- 


In carbon dioxide, the 


ments, made in France, to set fire to 
magnesium below the melting point of 
650° C. The ignition temperature, 
out of the reactor and in semistatic 
conditions, seems to be 800° C or more. 
However, there still was doubt as to 
what would happen in-pile under radi- 
ation, pressure and gas flow. 

An involuntary experiment made in 
1956 in the old El2 reactor put some 
light on the subject. Here is a sum- 
mary of the events:t 

+ M. L. Boussion et al., report MCA-417 
(1957), available from Commissariat A 
l’'Energie Atomique, Centre d’Etudes Nu- 
cléaires de Saclay, France. 


During the spring of 1956, anomalous 
temperatures in outlet-gss channel J3 
were noticed. The four fuel elements 
of channel J3 were then removed and 
replaced by new ones. 

Temperature oscillations were again 
noticed in the gas temperature of chan- 
nel J3 between the 20th and the 25th of 
June, on which dates major tempera- 
ture elevations occurred. The reactor 
was then shut down, and channel J3 
gas-flow control gear opened. 

The reactor was then operated again 
without trouble for 20 days after June 
26th and was stopped on July 16th for 
scheduled general refueling. During 
that period, definite but not very im- 
portant signals were given by the leak- 
detection system in the gas circuit. 

Later, the four 1956 fuel elements of 


t J. A. Stohr, “ Jeu 2000 B. Cas de la barre 
288,’’ report MCA-A-40/N (1957), available 
from Commissariat A |’Energie Atomique, 
Centre d'Etudes Nucléaires de Saclay, 
France. ; 
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Shielding protection equivalent to 7.85 density iron is given by 
Corning Code 8363 Radiation Shielding Glass shown here. This 


brick-sized piece weighs 14 Ibs. . . 


. shows the optical clarity in- 


herent in all three Corning Radiation Shielding Glasses. 


Two inches or 36 inches... 
you'll see clearly through this 
radiation shielding glass 


You can look through 36 or more 
inches of this glass, yet you see inside 
your “hot” cell twice as clearly as 
though you were looking through sun- 
glasses .080” thick. 

This remarkable “seeability” is yours 
when you specify Corning Radiation 
Shielding Windows. 

1. Corning Radiation Shielding Win- 
dows are free of vision-disturbing im- 
perfections such as bubbles, stones, 
striae, and distortions. You can see with 
optical clarity. 

2. Even after long exposure to radia- 
tion you'll see clearly because Corning 
windows are nonbrowning. 


v 


3. Corning’s heavier glass is equal or 
superior to any other commercial glass 
of equal density in low intrinsic color, 
natural tendency {o resist browning, 
transmittance and fast recovery on rest. 

Corning engineers have designed 
windows for hot labs, hospitals, aircraft 
carriers and submarines. They offer 
you complete design assistance in 
matching any wall thickness and any 
viewing requirements. 

To get in touch with them, or to get 
a free copy of Corning Bulletin PE-51, 
“Corning Radiation Shielding Win- 
dows,” write today! 


CORNING GLASS WORKS 


16-2 CRYSTAL STREET, CORNING, N. Y. 


Corning meant reseacch i Glasd 
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channel J3 were examined. The upper 
and lower fuel elements, 1 and 4 (Fig. 
1), were in perfect condition. But the 
middle rods, 2 and 3 (in a higher flux 
region), were as shown in Figs. 2 and 3. 
The magnesium canning had melted 
partially. Molten magnesium had 
crept away (or been removed by CO, 
flow) and had later solidified around 
the melted area, forming cushions and 
drops. The radiograph of Fig. 2 
shows the thickness of the magnesium 
It shows also the undam- 
aged surface of the grooved uranium. 
It is'‘certainly premature to draw any 
definitive conclusions from such an 
occurrence. However, a few points 
appear likely and may be of some 
interest :* 
1. Can temperature rose to 650° C 
since part of the magnesium melted. 
2. At this temperature and flux (5 X 
10"? n/em?/sec), no important chemical 
reaction took place between CO, pres- 
surized at 10 atm and either solid or 


cushions. 


molten magnesium. 

3. The magnesium was commercially 
pure electrolytic magnesium and not 
an ‘“‘unoxidizable’”’ magnesium-base 
alloy. 

4, At 650° C or more, uranium ought 
to have reacted with CO» The fact 
that there is no uranium oxidation evi- 
dent in the radiograph is in good agree- 
ment with the relatively low level of 
contamination of the gas circuit and 
leads to the conclusion that a protec- 
tive film must have partially protected 
(Area F in Fig. 3 shows 
perhaps some evidence of such a film, 


the uranium. 


the exact nature of which is not yet 
fully established.) 

5. Despite the strong thermal cy- 
cling, no ratcheting occurred between 
the core clad. Thus the 
anchoring of magnesium by grooves in 
the uranium surface seems to provide 
a satisfactory safety margin in the 
presence of external gas pressure. 


and the 


If such an experiment is not an er- 
ratic one, magnesium may prove to be 
a relatively safe canning material in 
As far as mag- 
nesium is concerned, temperature limi- 
tations will perhaps arise from mechani- 


CO--cooled reactors. 


cal rather than chemical considerations. 


* The cause of the incident is of minor 
importance. It was probably a failure of 
the channel J3 gas-flow control system or 
partial stoppage of the flow by a foreign 
body. 
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EVAPORATOR configuration found most suitable for radioactive waste concentration 


High-Purity Evaporator 


for Waste Concentration 


By T. C. CARNAVOS and J. W. HAGEN 


Griscom-Russeli Company, Massillon, Ohio 


The disposal of wastes from labora- 
tories and facilities processing radio- 
active materials is a problem that 
promises to become more acute as the 
number of these installations increases. 
The disposal method now most com- 
monly employed consists of containing 
these wastes in the alkaline state in 
underground water-proof tanks shielded 
of radiation. Since 
these storage facilities are expensive, 
it is desirable to concentrate wastes as 
possible. Some of these 
wastes have as little as 1% dissolved 
solids, and evaporators are employed to 
concentrate these wastes to about 30% 
solute concentration prior to storage. 
The water removed during concentra- 
tion, if sufficiently pure and free of 
radioactivity, can then be safely dis- 
charged to surface or underground 


streams. 


against escape 


much as 


Evaporator Specifications 


Although storage at 30% salt con- 
tent is considerably better than storing 
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the original wastes, the storage costs 
are still expensive. To reduce these 
costs a test program was initiated look- 
ing to greater concentration. The aim 
of this project was to design a remotely 
operated evaporator to accomplish the 
following: 

1. A threefold reduction in waste 
volume with concentration to 70% salt 
content. That is, for every 3 gal of 
waste, 2 gal of decontaminated water 
were to be produced and 1 gal of con- 
centrated waste discharged. 

2. A decontamination factor of the 
water vapor produced of 10° or better. 
This means that if the concentrate is to 
be 70% solids, the vapor should carry 
over <0.7 ppm of solids. 

3. Operate remotely behind shield- 
ing. 

4. In the event of instrumentation 
or power failure, be capable of being 
shut down and restarted after the sys- 
tem has cooled down and the concen- 
trate allowed to solidify. 

5. Be capable of prolonged operation 





Complete Reactor Monitoring Instrumentation and Services 


Visit our Booth #422 


at the Atomfair 


2030 Wright Avenue, Richmond, California 
Offices in principal cities throughout the world 


1601 Trapelo Road, Waltham 54, Massachusetts 





NEW from Allied Research 


advanced radiation 
monitor systems 
and components 


RADIATION MONITORING SYSTEMS and system 
components are designed, developed and manufac- 
tured for special applications such as airborne moni- 
toring, industrial process control, reactor safety and 
area survey. Allied Research has proven its ability to 
produce radiation monitoring equipment of higher 
performance than has otherwise been achieved. 


PLASTIC SCINTILLATORS for the sensitive detec- 
tion of alpha, beta and gamma radiation are custom 
manufactured in quantity and are available in sizes 
up to one ton at low cost per pound. These solid pias- 


tic scintillators are available ina variety of shapes and | 


surface textures, are rugged and can be easily ma- 
chined. They have been developed to provide high 
conversion efficiency, broad intensity range, ex 
tremely low light absorption and decay times of less 
than 9x 1U-* seconds. Also availa ent for 


RESEARCH AND DEVELOPMENT CAPABILITIES 


for the application of scientific advances in nucleonics 
are available. Allied Research will be happy to pro- 
pose its solutions to systems and component prob- 
lems related to radiation monitoring. The company 
offers broad capabilities in experimental and theoreti 
cal nuclear physics coupled with an equally broad and 
varied engineering capability. Selective radiation 
monitoring equipment is developed on the basis of 
experience in radio-chemistry; beta and gamma ray 
spectroscopy; high energy and cosmic ray physics; 
heat and fluid mechanics; vibrations and dynamics; 
electronic and instrumentation systems engineering. 


V7 

e 
For full information, write: 
ALLIED RESEARCH 
ASSOCIATES, INC. 


43 Leon Street, Boston, Massachusetts 
Phone: GArrison 7-2434 
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by means of cleaning and descaling the 
heating surface. 

Because it was expected that design 
modifications would have to be made 
and various operating techniques tried, 
the test medium used was simulated 





|rather than actual radioactive wastes. 


| Equipment Design 

The following basic design concep- 
|tions employed in high-purity power- 
| plant evaporators were applied to this 
| special application: 
| 1. A low-vapor disengaging rate and 
| high headroom to promote “‘natural”’ 
| separation of water and vapor. 
| 2. An efficient mist eliminator capa- 
| ble of reducing entrainment by factors 
| of 10%-104. 

3. A bowed-tube heating section, 
which permits scale shedding by ther- 
mal shocking. 

Two special design features incorpo- 
rated in this evaporator are a bottom 
with sloped.sides to prevent the accu- 
mulation of solids at this point, and a 


concentrate-discharge line located at 
the lowest point of the bottom. This 
discharge is sealed by a riser line, which 
eliminates the necessity for control 
valves or flow obstructions of any kind 
the seal being accomplished by hy- 


draulic head. 





Experimental Work 

Testing of this evaporator with vari- 
ous forms of simulated waste revealed 
many problems not previously appreci- 
ated. The illustration shows the evap- 
orator configuration that resolved many 
Additional special features 
developed and added during the course 


problems. 


of the experimental program were an 
internal discharge line with a 
lift, internal steam lance and internal 


steam 


heating coils. 

This evaporator system, with a few 
simple controls, is capable of concen- 
trating waste, controlled manually or 
automatically, and lends itself to con- 
tinuous or batch operation. Further- 

more, if the waste has a tendency to 
freeze when allowed to cool to ambient 
temperature, this evaporator can be 
| restarted by remote means in case of an 
| unscheduled shutdown and accidental 
freezeup. 

| The method for starting this evapo- 
|rator is quite simple. The evaporator 
|shell is charged with waste to a level 


above the tube nest. Approximately 


25-psig steam is allowed to enter the 
tube nest and internal heat coils until 
boiling occurs. At this point the oper- 
ator feeds waste periodically to main- 
tain the level above the tubes. As this 
concentration progresses, the 
steam pressure to the tubes is increased 


process 


to sustain boiling due to the boiling- 
point elevation. When the desired 
concentration is reached, as determined 
by the boiling temperature, the steam 
For 
batch operation, the feed is stopped 
and all of the concentrate is steam- 
lifted out of the shell. For continuous 
operation, the feed is allowed to con- 
the 


lift in the discharge is activated. 


tinue compatible with design 
capacity. 

Unscheduled evaporator shutdowns 
due to complete steam or feed failure 
were investigated with the evaporator 
operating at 70% concentration. As 
part of these tests, the system was al- 
lowed to cool to ambient condition, 
whereupon the shell contents froze to a 
solid cake. By use of the heat coils 
and steam lance, the system was re- 
turned to normal operating condition 
in about 12 hr. 

One of the wastes tested scaled the 
heat-transfer surface extensively. In 
a 48-hr period, the over-all heat-trans- 
fer coefficient was reduced five-fold. 
With our Bentube design, it was possi- 
ble to crack the scale thermally and 
return to normal operating conditions 
(i.e., 70% concentration) in5dhr. This 
time is peculiar to the unit under test 
and could have been shortened with 
some redesign. 

The purity of the evaporated con- 
densate produced was measured in two 
ways. A salinity indicator normally 
used in marine work measured the im- 
purity in grains of seasalt per gallon. 
This device is not considered accurate 
enough for high-purity condensate and 
served more as an indicator. Samples 
of the condensate and concentrate were 
analyzed by the sodium-tracer tech- 
With the eliminator being used 
and a waste that did not foam, decon- 


nique. 


tamination factors of 10° were realized. 
A second waste that foamed excessively 
was tamed by adding a foam sup- 
pressor, and with the built-in evapora- 
tor headroom (but with a de-entrainer 
that had been heavily fouled by foam 
before the foam suppressant was 
added), DF’s of 5 & 10° were obtained. 
These results emphasize the desirabil- 
ity of providing means for backwashing 
de-entrainers used in radiochemical 
service. 

Finally, successful automatically con- 
trolled achieved for 


operation was 


February, 1958 - NUCLEONICS 





NUCLEAR ENGINEERING 


This article starts on p. 125 


sufficient periods of time to indicate the 
feasibility of such controls. 


Conclusions 


The evaporator satisfactorily met 
the requirements. The savings 
achieved by boildown to high salt con- 


centrations should readily justify the 
cost of the evaporator. Because the 
variety among radioactive wastes is 
likely to be great, a test program on 
simulated waste is advisable to dis- 
cover what problems exist. 


* * * 


The information contained in this report 
was developed during the course of work under 
contract AT(07-2)-1 with the U. S. Atomic 
Energy Commission, whose permission to 
publish is gratefully acknowledged. 





Oxide on Catcher Foils 
Spoils Power Measurements 


By J. N. RENAKER, V. J. STRATTON and H. L. BERMANIS 
Aircraft Nuclear Propulsion Department 
General Electric Co., Cincinnati, Ohio 


Reactor measurements are 
sometimes made in critical assemblies 
by means of a catcher-foil technique. 
With this technique, precision-punched, 
5-mil-thick aluminum foils are placed 
in close contact with 1-mil-thick pieces 
of uranium foil of a standard size. 
The aluminum catcher foil in contact 
with the uranium is then exposed at 
the point in the reactor at which the 
power is to be measured. The neutron 
bombardment produces fission fragments 


power 


that are ejected from the uranium and 
caught in the surface of the aluminum 
cher foil. 
ay mostly by beta and/or gamma 
emission and thus make it possible for 
the catcher foils to be counted in a 


These fission fragments 


beta proportional counter. 
The 


fissior 


count rate, when corrected for 
fragment decay and counter 
deadtime, is directly proportional to the 
number of fission fragments caught in 
the surface of the foil, and that, in turn, 
is directly proportional to the reactor 
specific power at that point. 

In the course of making power dis- 
tribution critical 
assembly of recent interest, we found 


measurements in a 


that inability to obtain reproducible 
data between duplicate runs is caused 
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by the nonuniformity of oxide film on 
the uranium foils used. 

Edgewise microscopic examination 
reveals that uranium foil, nominally 
one mil or 25.4 microns thick, can have 
an oxide film ranging in thickness from 
6 to 19 microns. Because the range of 
fission fragments in uranium metal is 
approximately 7 microns, and in ura- 
nium oxide formed at room tempera- 
ture is approximately 14 microns, there 
is a doubling in the fission fragment 
range and a four- to five-fold increase in 
the volume occupied by any given num- 
ber of uranium atoms on the surface 


of badly oxidized specimens. Conse- 





quently, in oxidized as compared with 
nonoxidized fuel, fewer U**® atoms | 
are effective in producing activation of | 
the fission-fragment catcher foils. 
Power distribution measurements | 
using clean deoxidized uranium foils | 
give reproducible data. Alternatively, 
one can use foils that have the same 
However, 
equally oxidized uranium foils cannot be | 


oxide from piece to piece. 


We recom- | 
mend, therefore, that foils, even those | 


selected by visual means. 


with identical histories, be cleaned prior | 
to use—possibly by dipping them in a | 


hot nitric-acid bath. 


A NEW HIGH GAIN, 
SMALL DIAMETER 
PHOTOMULTIPLIER 


by 


E.M.1. ELECTRONICS LTD. 


TYPE $524B 


Soda Glass 


Dimensions: 
Envelope diameter | 4” 
maximum 
14 Pin Glass Base diameter 
14” maximum 
P.T.F.E. Socket diameter 
1é” maximum 
Envelope Length 4;” 


End Window Cathode: 
Antimony Caesium 
Type SIi 
Minimum sensitivity 
30 pA ‘lumen 
Diameter 15/16” 


Dynodes: 
11 Antimony-Caesium 
Coated Dynodes of box 
and grid type 





SPECIFICATION: 


Pp 
en 


20 200 2000 
1000 1400 2000 
oo! 0.1 ! 


. Am 
Minimum overall sensitivity — 
Maximum overall voltage Vv 


Maximum sensitivity for stable operation 
Amp/lumen 


Maximum dark current 


Cathode ~ ist. Dynode 100% 


von. o9- DIO- Dl |, Oll-Anogs 
teier thet 7 obs O2- O38 a 


“ } 





[cotour Temp 2054 


5 


5 


Overall Sensitivity Smesret 











90D "OO 100 FOO OD 400 GOD HOD FOO BOO aD 2000 


Supply Volts 


© 
700 80K 


For scintillation counters, especially portable 
instruments, and medical applications, spectro- 
photometers, flying spot scanners, etc. 
Also available with a special cathode for low 
energy particle counting; or with Bismuth Silver, 
Caesium (S10) cathode, or with fused silica face 
plate. 
Full details available from :— 
H. L. Hoffman and Company Incorporated, 
35 Old Country Road, 
Westbury, L.i. N.Y. 
Jarrell-Ash Company, 
26 Farwell Street, 
Newtonville 60, Mass. 


EDgewood 4-5600 


DEcatur 2-2130 


E.M.1l. ELECTRONICS LTD 


RUISLIP, MIDDLESEX, ENGLAND 
EEI30 
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$99 in sintered gold matrix, ~Gold foil coid 
(Ezz) welded to matrix 
¥ 
0.002-mil 
Monel windows 


Sitver solders --—- 


Rhodium piated 


Active element ~ 
Backing 


plug 


Stoke or 
crimp and 
soft solder~_ 4 


Y 7 Springs 

















1. SOURCE CAPSULE holds noble-metal 
sandwich. Center is radioactive salt dis- 
persed in noble-metal matrix 





2. CARRIER retains all radioactivity in 
event of damage to equipment. Defor- 
mation of thread provides permanent seal 


~ Fi SHUTTER provides shielding and phys- 
ical protection. Heavy spring causes rapid 
closure if solenoid is deenergized 


Putting Safety into Gaging-Source Designs 


By GEORGE B. FOSTER 
Industrial Nucleonics Corp 
Columbus, Ohio 


Safe use of radioactive materials in 
gaging operation involves protection 
against two hazards. One is the inges- 
tion of radioactive materials, many of 
which are contained in compounds that 
are poisonous in their chemical nature 
alone. The other is external exposur 
to ionizing radiations. 


Protection Devices 


In our gaging installations we uss 
four means to protect against ingestion 
mechanical binding and encapsulation; 
safe mounting of the capsule; shielding 
locking and alarm de\ 
ventive and 
Distance and shielding are used to pro- 


ices; and 


pre- 


maintenance inspection 


tect personnel from external exposure. 


4. HEAVIER SHUTTER for rolling-mill in- 
stallation is for more penetrating rodi- 
ation. It has cylinder actuator 
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Encapsulation. The radioactive ma- 
terial is typically present in the form of 
a salt chosen for its relative insolubilit) 
in water For 
example, in the case of Sr®® this is a 
strontium-barium This salt 
is bound up in a metallic matrix of a 


and normal reagents 


sulfate. 


noble metal such as gold, and the whole 
is encapsulated in a noble-metal sand- 
wich that is welded or hard-soldered to 
a mounting plate, a cup or other carrier 
(Fig. 1). 

The integrity of this hermetically 
sealed capsule could be destroyed by 
heat enough to melt the steel jacketing 
2,600° F) and the gold matrix. In 
such a case the intent is that the active 
material be carried along in the molten 
gold since the rate of sublimation of 
the sulfate is low and the compound 
does not melt and decompose until it 
reaches 2,800° F. 


5. CARRIER AND SHUTTER ready for as- 
sembly. Subsequent operations use jigs to 
prevent personnel exposure 


Mounting. The capsule is mounted 
) 


typically in a carrier (Fig. 2), and a 
plug carrying a pipe thread is screwed 
in to complete closure. 

A major purpose of the carrier is to 
provide an unit that will 
contain all of the radioactivity in the 


ultimate 


event of a major disaster involving the 
crushing or fragmentation of the gaging 
equipment. The carrier is finished ina 
bright orange color and has highly 
legible lettering pertaining to its nature. 

Shutters. In 
shutters 
radiation and offer mechanical protec- 


Figs. 3 and 4 are 


shown designed to contain 


tion to the source when it is not in 


use Figure 5 shows details of a 
shutter-and-carrier assembly. 
Locks and alarms. 


materials in 


The practice of 


using radioactive indus- 
trial environments is not old enough 


to ensure that operating personnel will 


6. LOCKED COMPARTMENT ‘houses. in- 
stalled source carrier. It makes up for 
lack of familiarity on part of personnel 
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NEW 
LOW-COST 
Van de Graaff 


RADIATION 
PROCESSING 


® Under $20,000 

per kilowatt of 

ionizing radiation 
delivered to the product 


® Rated for industrial use 
at 2.5 kilowatts 


THE Mopet GS VAN DE GRAAFF costs 
less than any electron accelerator now avail- 
able. It is designed to meet today’s needs for 
in-line processing. The uniformly scanned 1.5- 
Mev beam is suitable for treating a wide range 
of products—films, sheets, wire, liquids, gases, 
and powders. Peak power is 4 to 5 kilowatts. 


_ HIGH VOLTAGE ENGINEERING 
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7. FUSE guards radiation-exit aperture. 
Breakage of conducting-paint ribbon closes 
shutter and sounds alarm 


display the same degree of respect that 
they have for electric-power-distribu- 
tion devices like switch boxes. This 
calls for locks and access covers. 

Figure 6 shows a lock fitted to an 
access cover for the space containing 
the carrier. Entry through the radi- 
ation-exit aperture is prevented by the 
fuse of Fig. 7. Forced penetration is 
difficult in the first place because ‘of the 
small gap between the lower and upper 
arms of the usual apparatus 
(Fig. 6). 

Maintenance and inspection. Fail- 
ure of the encapsulation described 
above is unlikely. If a failure were to 
occur, it is thought that it would be 
very gradual. The indication 
would be radioactive material on the 
outside surface of the source carrier, 
detectable by wiping with a swab and 
monitoring the swab. Such tests are 
routinely carried out at 
intervals, by either supplier or user 


gaging 


initial 


six-month 


Range Reduction 


Absorption of radiation 
source capsule places an upper limit on 


within a 
effective strength of point sources 
employed in thickness gaging. An- 
other effect is the generation of beta- 
excited X-radiation. In installations 
in which this is the mode of measure- 
ment the only consideration is the ratio 
of the bremsstrahlung flux produced in 
the source matrix and capsule to that 
produced in the target material chosen 
to produce a X-ray 
energy. 

However, when beta absorption or 
reflection is the chosen mode of meas- 
urement, the 
sive bremsstrahlung background signif- 
icantly reduces the 
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desired mean 


presence of an exces- 


signal-to-noise 


ratio and decreases the sensitivity of 
the equipment when ion-chamber de- 
tectors are used. 

The protective-diaphragm tech- 
nique, which carries an electric circuit 
right into the primary beam, imposes a 
“weight” penalty of ~100 mg/cm? 
It also imposes a further requirement 
on the equipment designer. Since this 
absorber lies in the most critical region 
of the whole source assembly from a 
source-geometry standpoint, any varia- 
tion or change in the physical character- 
istics or orientation of this diaphragm 
causes severe changes in the emergent 
spectrum. 

Spectrum changes cause changes in 
the calibrated absorption character- 
istic of the equipment. Reproducibil- 
ity of this characteristic is one of 
the most important reasons why radio- 
isotope gaging equipment has achieved 
its rapid acceptance for process meas- 
urement. Manufacturing methods of 
the highest caliber are required to 
assure that these considerations do not 
adversely affect the 
curacy and stability of the equipment. 

The total penalty imposed on the 
maximum measurement is 


long-term ac- 


range of 




















8. RADIATION CONTOUR is measured as 
soon as assembly is completed. It helps in 
design of safety precautions in both fur- 
ther manufacture of gage and eventual 
permanent installation 


~400 mg/cm*. This absorption is 


made up of: 


Source matrix 175 mg/cm? 
Source “‘ windows” 125 
Protective diaphragms 100 

Total 400 


For Sr*® sources this results in a re- 
duction by about 60 % of the theoretical 
maximum range of measurement. For 
low-energy beta emitters this penalty 
becomes even more severe. However, 
the lessened range of equipment ap- 
plication is accepted as a performance 
penalty much like the ‘‘reserve-fuel”’ 
requirement established by commer- 
cial air carriers for passenger-aircraft 
operations. 


Shielding Inspection 


On completion of an assembly con- 
taining an active source its radiation 
contour pattern is determined. These 
measurements are made with both 
integrating-ion-chamber and G-M sur- 
vey instruments, as appropriate. A 
typical result is shown in Fig. 8. 

The radiation contours have two 
purposes. The first is to ensure that 
adequate safety measures are provided 
in further manufacturing of the gaging 
equipment. The second is to permit 
advance planning of any shielding or 
other operator protection required in 
the permanent installation site for the 
equipment. 

A radiation contour of the closed- 
shutter condition is omitted because the 
radiation level in instance is 
below the 40-hr-per-week continuous- 


every 


exposure limit 

The 
ably from one design to another. In 
primary- 


isodose curves vary consider- 


beta-absorption equipment 
beam collimation greatly affects the 
the 7-mr/hr line. The 
greater the collimation the less scatter- 


position of 


ing is evident, and the closer lies the 
7-mr/hr line. 

The measured contours are for the 
condition of no material present in the 
measuring gap. When the manufac- 
turing process on which the gaging 
equipment is installed is operating, the 
radiation level on the 7-mr/hr contour 
is greatly reduced in intensity owing to 
the shielding and absorption afforded 
by the process itself. 

A further measure of protection is 
afforded the process operator in that 
the ordinary industrial hazards from 
moving machinery and the processed 
material itself make a close approach 
to the gaging head impractical. 
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Radiation Applications 
in New York Industry 


By ALBERT P. ABRAHAMS 
New York State Department of Labor 
New York, New York 


Industrial radiation installations in 
New York State must be registered 
with the Division of Industrial Hy- 
giene of the state Department of Labor. 
These installations include those that 
X-ray generators, 
accelerators and nuclear reac- 
ors and handle nuclear fuel materials. 

Table 1 lists registered uses of radio- 
Table 2 is a breakdown of 
3,130 radiation-producing units 
are currently registered. They 
belong to 262 owners at 320 locations. 
The list 
tunity 


use radioisotopes, 


article 


ides. 
that 
offers an interesting oppor- 
to see where and how nuclear 
techniques are being used in a typical 
state. Its primary 
however, is to aid in limiting the 


industrial pur- 


pose 
hazards of these installations. 

The second half of Table 2 shows 
the types of sources that make up the 
10,242 curies of radioisotopes registered 
in the state. They include high-level 
radiation sources as well as the low- 
level supplies of radioisotope labora- 
tories. Not included is a considerable 
quantity of classified fissionable and 
fertile In Table 3 is a list of 
registered installations by industry. 


material. 


Geographical Distribution 


Distribution of installations is not 
form. Industrial X-ray units are 
found in large numbers in Schenectady, 
ester, Buffalo and the metropoli- 

New York 
eliminators are found in greatest 

bers in New York City’s printing, 

ist 


area. Radioactive 


ing and photography trades. 
radium industry is confined almost 
to New York City. 


opes are predominantly associated 


Unsealed 


corporate research labora- 
sources in the 
Sources of 0.1-10 
concentrated in heavy-in- 


large 


tories, as are sealed 


kilocurie category. 
curies are 
1uStry 


areas where they are used for 


4 + 
LEST 


ng and quality-control purposes. 
X-rays. of 
ber registered, the most prominent 
are industrial 
They have wide 
metals cast, 

X-ray examina- 
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From the standpoint 


wzard sources 
generators. 
where 


ations are 


abricated or welded. 


tion of metal parts, welds, etc., is not 
routine in all plants but is characteris- 
tic of those doing the highest-quality 
work and those having defense con- 
tracts for aircraft and tank production, 
etc., in which the federal government 
requires it. X-ray units for this pur- 
pose range from 100 to 1,000 kv. 
Industrial fluoroscopy in"New York 
is confined to a few places performing 
routine examination of organic mate- 





rials such food and plastics for 
metallic impurities. X-ray units in| 
the 35-70-kv range are used increas- 
ingly in diffraction and fluorescence | 
analysis. X-ray gages are widely used 
to measure the thickness of metals. 
Radioactive static eliminators are | 
used widely wherever a mat or web of | 
fibrous organic material can accumu- | 
late quantities of static electricity by | 
friction—notably textile, paper and | 
printing industries. The most com-| 
monly used ones are metal bars on | 
which a thin layer of radium or polo- | 
nium has been deposited and then 
sealed by an additional electroplated 
layer or other means. These devices 
eliminate the fire hazard of spark- 
ing discharges and improve register 
in multicolor printing. Radioactive 
brushes are used for dusting phono- 
graph records and photographic films. 


as 





Isotopic Sources 


Small sealed sources are the most | 
numerous type of radioactivity instal- 
lation. They are used in calibrating | 
and checking radiation-measuring in- | 
struments, as ionizers in spark gaps, 
thyratrons, fluorescent lamps and other 
gas-filled electronic tubes, wave guides 
and similar devices, and as phosphor 
activators. Two plants in the state 
are also making nuclear batteries. 

Large sealed sources are used prin- 
cipally for radiography and irradiation. 
Multicurie sources of Co®, Ir'8?, Tm!7°| 
and other suitable gamma emitters are | 
used for radiography of pipe lines, | 
pressure vessels and other fabricated | 
metal products of such shape or 
thickness to make X-ray use 
uneconomical. 


as 


With few exceptions unsealed iso- 
topes are used in less-than-curie quan- 
tities as tracers in 
Applications to 


experimental 





research projects. 


Significant 
Advance in 
Film Badge 
Dosim 


A 


try by 


> 


gives you all these 
special features in 


MEASUREMENT... 


Extreme sensitivity — 5 mr for 
soft x and gamma rays; 10 mr 
for hard x and gamma rays 

Wide exposure range — from 
5/10 mr to 600R 

Complete coverage— beta-gam- 
ma, X-ray, and neutron film 
packets are held in one badge 


DESIGN... 


Tamper-proof — special unlock- 
ing device required to open badge 
Combined film and security 
badge — has space for stand- 
ard 142 X2 identification photo 
Lightweight — sturdy, moulded 
plastic badge weighs less than | oz. 


SERVICE... 


Prompt weekly reports, supple- 
mented by quarterly and annual 
cumulative report 

For data on the newest advances in 
film-badge dosimetry write for Bulletin N-3 


rorebetaawelt. 
for 

Fz hehe: hated s' 

. inc . 

130 ALEWIFE BROOK PKWY., CAMBRIDGE, MASS 
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thermocouple 
extension 
wire in 


AIR CABLE 


it 
cuts 
installation 
costs 


When four or more pairs of thermocouple 
extension wires are needed, Serv-RIT# 
thermocouple extension cable will reduce 
installation costs several ways. It takes 
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TABLE 1—Number of Installations Using Radioactive Materials* 


source 


Se aled irradiation 8O0OuTCE 
Sealed radiograph ic source 
Density, vacuum & humid- 


Se ale a ¢ alibration 


Radium processing 
Unsealed tracer 


Neutron sources 


Be ta gage 


N uclide tT 


| Static eliminators 


Po210 
Sr? 

A 227 

Sp 124 
As” 

(1g 134,187 
Cl 
Co 
Fe54,55,59 
Ph210 
Mn52.54 
Ni®8 
Ra 224,226 
Ru! 


Se* 
Ag 105 110 
Te” 


considerably less time compared to pull- | 


ing individual pairs of wires 
conduit. Cable also permits the use of 
much smaller conduit than for the same 
number of individual wires. It can be 
hung without conduit, installed in 
open trough, or for direct burial. 

The cable, as well as each conductor, 
is color coded. Also, each pair of wire 
is marked for quick identification 

Cables with multiple pairs of four con- 
ductors of the commonly used types are 
carried in stock. 


Or 


Write for Bulletin No. 1200-3 
for specifications and data on SERV-RITE 
thermocouple extension cables. 


CLAUD S. GORDON CO. 


ufacturers « Engineers ¢ Distributors 


Ilinois 
Ohio 


619 West 30th Street, 
2015 Hamilton Ave., 


132 


Chicago 16, 
Cleveland 14, 


through | 


Cr! 
Ge 
| s* 
T1204 
Tm? 
| H? 
| "Th, 228,287 
} [J 238,235 
| Biz 
Hf'*! 
Kr%5 
| Hg29s 
| Nd!“ 
| Zr% 
| Unspecified 


*In New York State as of September 15, 1957. 


+ Nuclides are arranged in order of decreasing toxicity. 


ity gage 


Fuel-element fabrication 
Metal & glass production 


Fissionable material 
Analytical chemistry 


Activated material 
Waste 


Luminous dials 
Nuclear reactor 
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production have been slow to develop 
so far. 

Small neutron sources are increasing 
in use for reactor startup, activation 
analysis and the calibration of neutron 
survey meters. 

Radium. The radium industry is a 
special case since radium and its vari- 
ous daughter products are commer- 
cially available without AEC license. 
A few large sealed radium sources are 
still in use for industrial radiography, 
but artificial isotopes are steadily sup- 
planting them. Nearly a dozen plants 
are still engaged in painting watch and 
instrument dials with radium-activated 





TABLE 2—Radiation Sources by Type 
and Strength* 





Radiation Producing Equipment 
Number 
356 
1,607 
131 
220 


Industrial X-rays 
Static eliminators 
Diagnostic X-rays 
tadioactive gages T 
High-voltage thermionic 
equipment tf 
Particle accelerators 
Neutron sources 
Nuclear reactors i 
Total 3,130 
Radioactive Materials 
Quantity 
(curies) 
Small sealed sources 
1 curie) 13.718 
Large sealed sources 
34,100. 
6,059. 


930§ 
181 


>1 curie) 
Unsealed isotopes 
tadium and daughter 
products 3.169 
Unsealed uranium and 
760 


.570 


thorium 
Activated materials 
Fission products and 
other waste .051 
Fissionable material 
Total 


40,242 .379 


* Source: M. Kleinfeld, ‘* Administrative 
Experience with New York State Industrial 
Code Rule 38: Radiation Protection.” 

+t Density, thickness, vacuum and level 
gages 

t Electron microscopes and diffraction 
apparatus, theater projection television, 
supplies, magnetrons, klystrons and 
electron tubes operating at 16 kilo- 
volts or more 

§ Includes one single source of 25,000 
curies 

| Quantity classified for national security. 


power 


other 
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TABLE 3—Installations by Industry* 





Industry Installations 





Mining 

Manufacturing 
Stone, clay and glass 
Primary metals 
Fabricated metals 
Machinery, nonelectrical 
Machinery, electrical 
Transportation equipment 
Instruments 

Food 

Textile mills 

Apparel 

Paper 

Printing and publishing 

Chemical 

Petroleum and coal 

Rubber 

Leather 

Miscellaneous products 

Public utilities 

Wholesale and retail trade 

Service industries 

Research 


Not otherwise classified 





| 
| 


*Source: M. Kleinfeld, “Administrative | 
Experience with New York State Industrial | 
Code Rule 38.” 





luminous paint. A few others are in- 
volved in recovering radium, preparing | 
therapeutic implants, making sealed | 
sources and paints, ete. The World 
War II peak of 50 plants and 1,000 | 
workers is now reduced to 15 plants and 
50 workers. 


Fuel Production 


In the field of nuclear fuel production 
New York State has one operating 
uranium mine and two fuel-element 
fabricators. The mine and its associ- 
ated processing mill are in the Ramapo | 
Mountains. Promising ore samples 
and the geology and economics of the | 
situation indicate that there will some- | 
day be a going uranium-mining indus- | 
try in the East. 

Registration of radiation installa- 
tions is one of several steps that the 
New York State Department of Labor | 
is taking to anticipate difficulties that 
can arise in the increasing use of nuclear | 
technology. There are few difficulties | 
with large installations that have the | 
means and personnel to administer 
their own programs effectively. More 
risk is threatened where people who are 
unfamiliar with radiation devices are 
using them. We intend to find and 
remedy such situations before they be- 
come hazardous. 





for work ina 
controlled 
atmosphere 


BLICKMAN 


VACUUM DRY BOX 


Designed for safe handling of 
radio-isotopes, reactor fuel con- 
taining Plutonium or U233 and 
other hazardous substances. With 
air-lock, it can be sealed to create 
a vacuum. Fabricated of stainless 
steel plate—34” long x 26” high x 
24” wide at base. Air-lock meas- 
ures 18” x 12”. Send for Techni- 
cal Bulletin A-2. 


FOR SAFE HANDLING OF 
RADIOACTIVE MATERIALS 


BLICKMAN FUME HOOD 


Originally designed and devel- 
oped for the AEC, this Fume 
Hood assures maximum safety in 
the handling of radioactive ma- 
terials and radioactive isotopes. 
Sturdy 14-gauge stainless steel, 
round corner construction pro- 
vides long life...easy cleaning and 
decontamination. Send for Tech- 
nical Bulletin E-3. S. Blickman, 
Inc., 7902 Gregory Avenue, Wee- 
hawken, N. J. 


VISIT US AT: AIF AtomFair, International 


Amphitheatre, Chicago, March 17-21,1958 


BLICKMAN 


LABORATORY EQUIPMENT 


Look for this symbol of quality PLGUmn 
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Program for 1958 Nuclear Congress 


Uranium—H. R. Gardner, J. W. Riches. 
GE 17 
Electron Metallography of the U-Ni Diffu- 
sion Zones—C. L. Angerman, DuPont 
63 
The Corrosion Behavior of Uranium-Zirco- 
nium Alloys in High Temperature Water 
and Steam—S. Kass, K M Goldman, 
D. E. Thomas, Westinghouse 84 
The Effect of Carbon on the Transforma- 
tion of Uranium-Niobium Alloys—H 
Maier, J. Hino, J. J West- 
inghouse 85 
Corrosion Behavior 


Lombardo, 


of Uranium-Niobium 
Ailoys in High Temperature Water 
d. N. Chirigos, J Hino, J. J Lon bardo, 
Westinghouse 86 

Transformation Kinetics of Uranium-Nio- 
bium and Uranium-Niobium-Silicon 
F. C. Holts, R. J 
Research Foundation 87 

High-Temperature Fatigue Testing of Ura- 
nium—Jack R. Bohr Murphy, 
Iowa State College 133 


van Thyne, Armour 


Glenn 


Reactor Operation, Maintenance— 


Operating Experience of the Army Pack- 
age Power Reactor—A. L. Medin, W.8 
Brown, Alco 68 

Proposed Fuel Handling Facilities—H. J 
Bellarts, GE 88 

Nuclear Power Plant Operator Training 
Robert Richard L 
Westinghouse 89 

Planning for the Startup of the Dresden 
Nuclear Power Station—K. T. Perkins 
H. K. Hoyt, GE-APED 90 

lon Exchange Removal of Fission Products 
from High-Purity Water—wW. T. Lindsay, 
Jr., C. 8. Abrams, J. A. LaPointe 
Westinghouse or 

Long-Lived Circulating Acfivity at APPR-1 
—W. J. Small, Alco 92 

Water Treatment Process for the Dresden 
Nuclear Power Station—H. D. Ongman 
GE-APED 130 


Enstice, Gardner, 


Experimental Power Reactors and 
Advanced Concepts—| 


Direct Cycle Reactors for ANP—T. Szekely 
GE-ANPD 93 


Health Physics and Instrumentation 


Application of Pulse Height Analysis to 
Health Physics Problems—A. B. Carlson, 
E. L. Geiger, DuPont 4 

Trends in Radiation Protection with Nu- 
clear Reactors—W. H. Truran, GE 49 

Recent Developments in Personnel Radia- 
tion Dosimetry—J. J 
Feinberg, GE 94 


Fitzgerald, R. J 


Tuesday, 2-00 1-30 p.m. 


Reactor Physics 


A Magnetic Beam Focusing and Analyzing 
System for Cyclotrons—K. L. Boring, 
R. F. Edgar, L. H. Stauffer, GE 51 

The Role of Accelerators in Reactor Re- 
seorch—E. A. Burrill, High Voltage 
Engineering Corp. 95 


134 


Nuclear Physics and Core Design for the 
Merchant Ship Reactor—P. M. Wood, 
B& W 96 

Nuclear Design of Aircraft Reactors 
D. 8. Selengut, GE 97 

Full-Scale Turbojet Activation Experiment 

J. Moteff, GE 124 

Nuclear Problems Associated with the 
Plutonium Recycle and with the Experi- 
mental Reactor—J. R. Tripplett, GE- 
HAPO 125 

Physics of a Reactor for the Irradiation of 
Bulky Materials and Equipment—D. L. 
Fischer, M. L. Weiss, B. Wolfe,GE 126 

Comparison of Experimentally Determined 
Fission Rates with Calculated Values in 
Small Diameter Fuel Pins—G. D. Calkins, 
R. H. Barnes, D. N. Sunderman, E. M. 
Chandler, M. Pobereskin, BMI 134 


Experimental Power Reactors and 
Advanced Concepts—Il 


Control System on a Turbine-Generator 
Supplying Commercial Power as a By- 
Product of a Nuclear Test Reactor 
H. W. Bassett, Jr., E. R. Gasser, GE- 
KAPL 33 

Performance and Potential of Natural 
Circulation Boiling Reactors—S. W. 
Flinn, M. Petrick, ANL 98 

An Evaporatively Cooled Reactor—G 
Leppert, W. G. Camack, Lockheed 99 

The Armour Dust Fueled Reactor (ADFR) 
D. Krucoff, Armour Research Foundation 

100 


Temperature Measurements and High 
Temperature Instrumentation 


A High-Temperature Fission Chamber 
J. B. Ruble, 8. H. Hanauer, ORNL 56 
Neutron Detector for High Temperature 

Applications—E. B. Sehr, GE-KAPL 
123 
Temperature Measurement in French Re- 
actors—J. Weill, Saclay, France 151 
High Temperature Pressure Measurement 
R. J. Ingham, R. C. DuBois, Manning, 
Maxwell & Moore, Inc. 157 
Temperature Measurements in High Flux 
Regions of a Reactor—W. N. Craigue, 
DuPont 158 
Research on Thermocouples to Establish 
Sustained Accuracy of Temperature 
Measurement to 2,000° F—J. F. Potts, 
Jr., Union Carbide Nuclear 159 


Waste Treatment and Disposal 


Geological and Hydrological Guides to the 
Ground Containment and Control of 
Wastes at Hanford—R. E. Brown, 
W. H. Bierschenk, GE-HAPO 14 

Characteristics of Reactor Fuel Process 
Wastes—J. O. Blomeke, E. D. Arnold, 
A. T. Gresky, Union Carbide Nuclear 44 

The Behavior of Ruthenium in the Fixation 
of Fission Products—W. E. Erlebach, 
R. W. Durham, AECL 67 

Studies on Characteristics of Savannah 
River Wastes—B. Manowitz, C. W. 
Pierce, 8. Zwickler, BNL 1 

Treatment of Radioactive Wastes Using 


(continued from p. 77) 


lon Transfer Membranes—E. A. Mason, 
E. J. Parsi, MIT A. J. Giuffrida, Ionics, 
Ine. 55 
Special Considerations in the Design 
of the Waste Disposal Piant for the 
Shippingport Reactor—J. R. LaPointe, 
J. V. A. Longcour, W. R. Kennedy, W. T. 
Lindsay, Jr., Westinghouse 101 
Radioactive Liquid Waste Disposal From 
the Dresden Nuclear Power Station— 
C. F. Falk, GE-APED 102 
Evropean Practice in Treatment of Liquid 
Radioactive Wastes—Conrad P. Straub, 
Robert A. Taft Sanitary Engineering 
Center 141 


Wednesday, 9:00 a.m.—12:00 
Reactor Plant Instrumentation 


Measurement of Primary Water Flow— 
David E. Collins, GE-KAPL 6 
Instrumentation Experience with 2,000 psi 
600° F Slurry Test Loops for PAR Homo- 
Gold- 
Pennsylvania 


geneous Reactor Project—E. A. 
W. W. Wentzel, 

Power & Light Co 5 

An Electronic Feedwater Control System 

for the Experimental Boiling Water Re- 

actor—R. H. Morse, R. N. Brey, Jr., 

Leeds & Northrup 36 

A New Method for the Measurement of 

Gases in High Pressure Water Reactor 

Plants—Frank C GE-KAPL 

34 

Control Systems for Boiling Water Reactors 

Robert N. Brey, Jr., Leeds & Northrup 

103 

Steam Generator Instrumentation for a 

Nuclear Power Plant with Analog Com- 

putor Verification of Dynamic Action— 

E. E. Lynch, D. P. Waite, GE 163 


smith, 


Steiner, 


Fuel, Control, Moderator and Coolant 
Materials—l 


Rod 
Samuel 


Cement Control Fabrication by 
Powder Rolling- Storchheim, 
Metals Research & Development, Inc. 

16 

Blending vs. Re-Enrichment for Slightly 
Enriched Uranium—Donald Kallman, 
John E. Brennan, B & W 2 

Effects of Uranium Ore Refinery Wastes on 
Receiving Waters—E. C. Tsivoglou, 
A. F. Bartsch, D. E. Rushing, D. A. 
Holaday, U. 8S. Public Health Service 40 

LMFR Breeder Blanket Preparation by 
Fusion Electrolysis—M. E. Sibert, A. L. 
Cunningham, M. A. Steinberg, Horizons 
Inc. 43 

Melting and Fabrication of a Silver Base 
Alloy for Control of Nuclear Reactors 
—R. J. Haffeman, W. B. Haynes, R. W. 
Tombaugh, Westinghouse 62 

Preparation and Properties of Uranium 
Dioxide Powder—C. D. Harrington, 
A. E. Ruehle, Mallinckrodt 65 

Dispersed Boron Control Rods—S. J. 
Paprocki, G. Cunningham, BMI 104 


Reactor Location and Safety 


Physical Factors in the Gainesville, 
Florida, Area Affecting Site Location of 
a 1-Mw Research Reactor—Stanley O. 


Reichert, Univ. of Florida 15 
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Analysis of the Plutonium Recycle Reactor | 
Hazards—N. G. Wittenbrock, GE-HAPO 
46 | 

The Scope and Philosophy of Nuclear | 
Power Plant Testing—E. E. Lindahl, | 
Westinghouse 105 


Health Physics for an Urban Nuclear | - 


Facility—J. W. Baum, Armour Research | 
Foundation 106 | 
Design of Nuclear Laboratories—D. I. 
Weinberg, ASTRA, Inc. 148 | 


Thermal and Mechanical Design— 


Core Thermal Design of Army Package | 
Power Reactor-la—J. O. Brondel, Alco 
107 
An Electrolytic Analog for Reactor Heat 
Transfer Problems—Paul Anthony, G. 
Friedensohn, NDA 108 
Heat Transfer Characteristics of Poly- 
phenyl Reactor Coolants—M. Silber- 
berg, D. A. Huber, Atomics International | 
145 | 
Free Convection Heat Transfer to Water 
and Mercury in an Enclosed Cylindrical 
Tube—J. P. Hartnett, W. E. Welsh, Jr., | 
F. W. Larsen, Univ. of Minnesota 27 | 
The Effect of a Volume Heat Source on 
Free Convection Heat Transfer—I. E. 
Randall, Alexander Sesonske, Purdue 
Univ 144 


Wednesday, 2:00—4:380 p.m. 
Reactor Control Instrumentation— 


Considerations in the Design of the Nuclear 
Safety Instrumentation System for the 
Enrico Fermi Atomic Power Plant—V. S. | 
Underkoffler, R. G. Olson, APDA 42 

Instrumentation for a Boiling Water Re-| 
actor—Lester Kornblith, Jr., GE 32 

Nuclear Power Plant Transfer Functions— | 
H. Smets, E. Gyftopoulos, MIT 53 | 

Modular Concepts in Reactor Control 
Instrumentation—J. L. Cockrell, D. F. 
Ryan, J. H. Magee, Leeds & Northrup 

50 

French System of Control Instrumentation— 

J. Weill, Saclay, France 152 | 


Progress in Commercial Power Reac- 
tor Development 


Design of the Power Plant for the First Nu- | 
clear Merchant Ship—R. L. Whitelaw, | 
B&W 69 | 

Developments in Commercial Atomic Power | 
Plants—G. H. Farbman, Westinghouse 

127 | 

The Consolidated Edison Nuclear Electric 
Generating Station—O. G. Hanson, | 
F. R. Ward, B & W 131 | 


Reactor Plant Materials—1 


Corrosion Screening of Component Ma- 
terials for NaK Heat Exchanger Systems 
—Samuel J. Basham, John H. Stang, 
Eugene M. Simons, BMI 24 

Dynamic Corrosion Tests of Materials in 
Irradiated Organics—H. Kline, North 
American Aviation 109 

Hydrogen Pickups in Zircaloy-2 During 
Corrosion in High Temperature Water 
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maintenance problems! 


Inaccessibility, difficulty in handling, and 
downright danger! Remote maintenance for 
reactor projects involves all these same dif- 
ficulties. If you are concerned with this im- 
portant segment of the Nuclear Field, then you 
are probably out on the same limb with our 
friend, Here at WKNL, our nuclear engineers 
have designed better remote maintenance sys- 
tems for the following projects: 


Nuclear Powered Aircraft 
Advanced Reactor Concepts 
Gamma Facilities 

Hot Laboratories 


Walter Kidde’s long association with ad- 
vanced nuclear problems means outstanding de- 
sign and engineering for all your nuclear pro- 
jects. 


WKNL provides these nuclear services 

* Nuclear * Hazards and 
Facilities Design Shielding Studies 

* Reactor Systems ® Pilot Plant Design 
Design and Engineering and Operation 


* Reactor ¢ Heat Transfer and 
Feasibility Studies Fluid Flow Studies 
* Radiochemistry and Hot Laboratory Services 


fees — —— | - Ae 


a 








Consultants to Industry in the Nuclear Field 


Write or Phone for Further Information 


WALTER KIDDE 


NUCLEAR LABORATORIES, INC. 
975 Stewart Ave., Garden City, L. I, N. Y. 
Ploneer 1-4350 





E.H.T SUPPLY UNIT 





New high 
performance model 
with three ranges 

of continuously 


variable voltage 


OUTPUT VOLTAGE AND CURRENT: 
Range |. Guaranteed current from 
7 mA at 300Vto5mA at 700V 
For use with Range 2, Guaranteed current from 
Geiger Muller tubes, 7 mA at 600V to 5 mA at I500V 
proportional Range 3. Guaranteed current from 
7 mA at 1200V to 4 mA at 3000V 
OUTPUT VOLTAGE REGULATION: 
Within 0.02% for 10% change of supply voltage. 
— ££ traenitn 


counters, and 


scintillation 


Better than 0.02% per 24 hours. Output ripple less than 


30 mV peak to peak. 


Details from 


ISOTOPE DEVELOPMENTS LTD) 


BEENHAM GRANGE - ALDERMASTON WHARF - NR. READING - 
ENGLAND 
LONDON OFFICE: 120 MOORGATE * LONDON £E.C.2* ENGLAND 











BIG WINDOW 54 INCHES THICK 


HAS 43% LIGHT TRANSMISSION 


Another complete unit pro- 
duced at Penberthy’s Seattle 
facility, this one for installa- 
tion at a major aircraft plant. 
It is 54 inches thick, and has 
43% light transmission. 
Glass used is optically pol- } 
ished and low-reflection © 
coated. Since Penberthy | 
windows first were produced — 
in 1949, not a single case 
of internal surface fogging ~ 
has been reported. 





“Si PENBERTHY 
INSTRUMENT CO. 


4301 6TH AVE. SOUTH e SEATTLE 8 WASH 








* Reg US Pat OFF 
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Originators of heavy lead glass 
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and Steam—S. Kass, K. M. Goldman, 
D. E. Thomas, Westinghouse 110 


Thermal and Mechanical Design—Il 


Boiling Pressure Drop in Thin Rectangular 
Channels—N. C. Sher, 8. J. Green, 
Westinghouse 146 

Two-Phase Steam Water Pressure Drops 

H. 8. Isbin, R. H. Moen, Esso Research 
Corp., R. O. Wickey, Calif. Research 
Corp., D. R. Mosher, Union Carbide 
Chemical, H. C. Larson, Univ. of Minne- 
sota 147 


Thursday, 9:00 a.m.—12:00 
Reactor Control Instrumentation—l 


Nuclear Reactor Fission Product Monitors 
J. Kohl, Tracerlab 3 
Controls for Aircraft Nuclear Reactors— 
G. E. Gorker, GE-ANPD 111 


Reactor Plant Materials—l 


Radiation Damage Studies of Seven Non- 
fissionable Metals—cC. A. Bruch, W. E. 
McHugh, GE 37 


Nuclear Education and Training 


Relationships Between the Universities and 
Industry in Nuclear Engineering—Glenn 
Murphy, Iowa State College 164 

Relation Between Industry and Govern- 
ment—W. Kenneth Davis, AEC 165 

Nuclear Training Programs for Industry 
Personnel—Saul J. Harris, Atomic In- 
dustrial Forum 166 


Fuel Element Development, Fabrica- 
tion and Testing— 


The Fabrication of Stainless Steel-UO, 
Fuel Plates—W. R. Weinberger, H. 8. 
Kalish, Sylvania-Corning 38 


Thursday, 2:00—4:30 p.m. 


| Reactor Saftey and Startup Instrumen- 
| tation 


| Variation of the Trip Point in the ORNL 


Type Safety System—J. L. Cockrell, 
C. W. Ricker, Leeds & Northrup 41 


| Transistorized Count Rate Systems—L. E. 


Weisner, DuPont 35 


| Radiation Damage to BF; Proportional 


Counters—R. C. Wilson, Westinghouse 
154 

A Counting Channel Pulse Transmission 
Circvit—J. Parnell, Minneapolis-Honey- 


well 156 


Reactor Systems Analysis— 


Application of Root-Locus Analysis to 
Nuclear Reactor Systems—E. H. Lemon, 
Bendix 58 

The Use of Signal-Flow Graphs in Kinetic 
Analysis of Nuclear Reactors—A. B. 
Van Rennes, Bendix 59 

A Digital Program to Evaluate Transients 
for Nuclear Power Plant Design—F. J. 
Scheib, A. J. Arker, GE-KAPL 54 

Variable Transport Lag Simulation— 


February, 1958 - NUCLEONICS 





NUCLEAR CONGRESS 


This article starts on page 77 


E. G. Holzmann, GE 112 
Control of the Plutonium Recycle Reactor— 
J. F. Fletcher, GE-HAPO 138 
Some New Techniques in Nuclear Power 
Plant Simulation—J. Weill, Saclay, France 
153 


Fuel Element Development, Fabrica- 
tion, and Testing—ll 


Diffusion Zone Growth of Zircaloy Clad 
U-Nb Fuel Elements—R. M. Stackhouse, 
J. E. McCauley, H. W. Young, West- 
inghouse 113 
Gas Pressure Bonding of Fuel Assemblies 
Stan Paprocki, BMI 114 
Forge Rolling Fuel Elements and] Cover 
Plates—R. D. Johnson, R. J. Gridley, 
R. L. Clark, Clevite Research Center 
115 
Fuel Irradiation Test Facilities—R. J. 
Schlitz, D. R. Patterson, ANL 116 
Model Studies of the Flow Characteristics 
of the Fuel Elements for the Enrico 
Fermi Reactor—W. N. McDaniel, O. E. 
Homeister, R. A. Yagle, Univ. of 
Michigan 129 
A Study of the Feasibility of a Tracer Sys- 
tem for Locating a Fuel-Element Failure 
in co Pressurized Water Reactor— 
Meyer Pobereskin, D. N. Sunderman, 
Aaron Eldridge, G. D. Calkins, Walston 
Chubb, BMI 140 


Research and Test Reactors and Criti- 
cal Assemblies 


Nuclear Safety Considerations in the 
Handling and Storage of Reactor Fuels— 
Norman Ketzlach, GE 29 

Design and Description of an Enriched 
Uranium Neutron Flux Converter—R. 
Anliot, R. Uyetani, R. D. Shelton, A. R. 
tana, Admiral Corp. 57 

Problems in the Mechanical Design of 
SPERT Reactors—T. R. Wilson, W. M. 
Hawkins, Phillips Petroleum Co. 117 

High Power Intermediate Enrichment Pool 
Reactor—J. Jacobson, W. S. Prince, 
R. O. Niemi, GE 118 


Friday, 9:00 a.m.—12:00 
Reactor Systems Analysis—l 


Parallel Operation of Reactor Plants— 
A. C. Sanderson, R. M. Strong, West- 
inghouse 52 

Model Studies of Coolant Flow in the 
PWR Reactor—-F. A. Grochowski, H. R. 
Hazard, J. Sherman, 8S. J. Flanigan, 
Westinghouse 128 

Coolant Temperature Rise in a Pressurized 
Water Reactor During a Loss of Flow 
Incident—J. Weisman, 8S. Bartnoff, G. G. 
Tirellis, Westinghouse 137 

Power Driven Rod Insertion for Reactor 
Protection—J. E. Stell, E. E. Schiring, 
Westinghouse 150 


Chemical Reprocessing— 


Pilot Plant Fluorination of Uranium Fuel 
Elements by BrF;——G. Strickland, F. L. 
Horn, R. Johnson, BNL 21 
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careers in peaceful 
applications of atomic energ’y 


Engineering Analysis on 
ADVANCED REACTOR SYSTEMS. 
Responsible positions 


REACTOR 
SHIELDING -ANALYSIS 


Qualifications: BS, MS Nuclear Engineering, Physics, or 
Math. (with good Physics background). 1-5 years’ 
experience. 

Duties: Analyze neutron and gamma-ray distribution, heat 
generation, shielding of cores and external systems; eco- 
nomic, material, and configuration aspects. Also advanced 
shielding studies, use of computer techniques. 


STRESS -ANALYSIS 


Qualifications: BS, MS, PhD (Engineering). Two to four 
years’ stress analysis background. 
Duties: Functions of position to include performing and 
directing structural and thermal stress, vibration, and 
impact analyses of advanced nuclear reactor systems. 


REACTOR 
CORE - ANALYSIS 


Qualifications: BS, MS in EE, ChE, Physics or Nuclear 

Engineering (special nuclear training desirable). 1-3 yrs: exp. 

Duties: Perform nuclear analysis to determine critical 

mass, neutron flux distribution, control rod effectiveness, 

temperature coefficients of reactivity, reactor dynamics, 
and full cycle reactivity changes. 


Write: Answer will be prompt and confidential. 


A DIVISION OF NORTH AMERICAN AVIATION, INC, 
Mr. G. W. Newton, Personnel Office, Dept. C-21 
21600 Vanowen Street, Canoga Park, California 
(In the Suburban San Fernando Valley, near Los Angeles) 
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| Auxiliary Equipment for Radiochemical 

Processing—W. E. Unger, ORNL 26 

| Mechanical Disassembly of Spent Fuel Ele- 

ments—W. W. Barton, J. J. Brooks, AM&F 

39 

Flow Generation, Measurement, and 

Control—J. Dunn, H. M. Jones, GE 28 

An On-Stream Monitor for Alpha Activity 

T. Hildreth, GE 160 

The Advantages of Continuous Analyzers 
in a Pilot Plant—C. L. Pleasance, GE 

161 


| Water Contamination and Treatment 


Studies of Radioactivity in the Chicago 
W ater Supply—James C. Vaughn, R. W. 
Schmidt, Alfred Tenny, Arthur Shor, 
Department of Waters and Sewers, City 
of Chicago 10 

The Adsorption of Radioactive Sub- 
stances on Waterborne and Consoli- 
dated Materials—F. B. Barker, U. 8. 

’ — Geological Survey 11 

Several hundred isotopically labelled compounds are now produced regularly at EY aaa te SES Re 

Amersham. They include an unrivalled range of materials needed for tracer work Control in the Y-12 Plant—Gustave J. 

in biology, pharmacology, medical diagnosis and therapy, and in many technical Angele, Union Carbide Nuclear 47 

A Field Test of the Movement of Radio- 
active Cations Through an Underground 
Formation—Ben B. Ewing, Univ. of 

Most of these substances can be supplied from stock—or in the case of short- | California 64 

hs Identification, Source, and Coatrol of 
Radionuclides in Reactor Cooling Water— 

purity are generally the highest available today. Dade W. Moeller, George W. Leddicotte, 
Sam A. Reynolds, ORNL 72 

Laboratory Chemical Coagulation Studies 
on the Removal of Fallout Radioactivity 

Compounds of Thiopentone-S35, sodium salt | in Waters—Lloyd R. Setter, Helen H. 

Pharmacological Sulphanilamide, and other sulphonamides-S 3 5 Russell, Robert A. Taft Sanitary Engi- 


Interest : Cysteamine-S3 5 neering Center 142 
6-Mercaptopurine-S3 5 The Use of the Gamma Spectrometer for 


; the Identification of Radionuclides in 
Phenothiazine-S 3 5 a “ 
; Water—G. Richard Hagee, Abraham 8. 

Di- isopropyl fluorophosphonate-P32 Goldin, Conrad P. Straub, Robert A. 
Tetraiodophen Iphthalein-I131 Taft Sanitary Engineering Center 143 
4-lodoantipyrine-It 31 The Sensitivity of Counters for Measuring 
lodinated oils and fats-I131 the Beta Activity of Water—G. R. 
Mersalyl-Hg203 Hagee, A. 8. Goldin, L. R. Setter, Robert 
Sodium stibogluconate-Sb124 | A. Taft Sanitary Engrg. Center 155 


applications of chemical products—pesticides, weedkillers, hormones, and the like. 


lived isotopes, at reasonable notice—and their specific activity and chemical 


Some examples from our current production are : 


| Reactor Shielding and Containment 


Surface-active Potassium ethyl xanthate-S3 5 
Agents : Sodium di-/soamy] sulphosuccinate-S 3 5 | Thermal Considerations in the Design of 
Sodium lauroy Imethyltauride-S 3 5 | Concrete Structures for Shielding Atomic 

Sodium lauryl sulphate-S 3 5 | Power Plants—Harold 8. Davis, GE 9 

Civil Engineering Aspects of the Dresden 

| Nuclear Power Station Joseph E. Love, 

Chester 8. Darrow, Burr H. Randolph, 

Bechtel Corp. 61 

Reactor Shield Calculations—W. E. Ed- 

wards, GE 119 

Shielding for Aircraft Nuclear Reactors— 

F. A. Aschenbrenner, GE-ANPD 120 

Design of EBR-Il Primary Tank Support 

Structure—R. W. Seidensticker, 8S. H. 

Fistedis, ANL 73 

Containment-Vessel Design Basis for the 

Dresden Nuclear Power Station—G. 

Sege, GE-APED 121 


Write for further infec 
1HE x me O ¢ H |} MICA L ee 2 By a em Friday, 2-00 4:30 p.m. 


AMERSHAM . SUC KINGHAMSHIRE * ENGLAND Chemical Reprocessing T 





TAS RC 23 |The Nitrate Complexes of Tetravalent 
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Plutonium—J. A. Brothers, R. G. Hart, | 
W. G. Mathers, AECL 8 | 
The Homogeneous Reactor Test Chemical | 
Processing Plant—W. D. Burch, Union | 


Carbide Nuclear 7 
General Economics of Chemical Reproc- 
essing Using Solvent Extraction Proc- | 
L. Culler, Jr., ORNL 22 | 
Effect of Geometrical Shape on the Con- | 


| 
tinuous Dissolution of Aluminum in Mer- | 
| 
| 


essing—F. 


cury-Catalyzed Nitric Acid—A. F. Boeg- 


Co. 25 | 
Reprocessing Costs for Fuel from a Single- 
Region Aqueous Homogeneous Reactor 
A. C. Jealous, R. J. Klotzbach, Union | 
Carbide Nuclear 66 | 
Thorex Short Cooled Processing—A. B. | 
Meservey, ORNL 122 | 
Reprocessing Uranium-Zirconium Alloy Fuel 
Elements—C. B. Leak, R. B. Lemon, 
F. K. Wrigley, Phillips Petroleum Co. 
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Atomic Energy 
Management Conference 
Panels 


VU onday, 9:30 a.m.—12:00 


Health and Safety. Discussion of what 
s to be done to solve some of the unique 
and safety problems in atomic 

rgy development 

An Industry Assessment of the U. S. 
Power-Reactor Program. Discussion will 
center upon the adequacy of our program 
f power development. | 
The main question to be raised will be: Is 
this program consistent with our objectives 
of maintaining world leadership in nuclear 
technology and the development of a vigor- 
ous atomic industry? 

Selling Nuclear Products Outside the 
U.S. This panel will attempt to define the 
foreign market potentials in the atomic | 
energy field. | 

Are Small-Reactor Units Economically 
Feasible? The potential markets for this | 
type of power plant will be explored with | 
the economics and design characteristics of | 

more promising small reactors. 


civilian nuclear 


Monday, 2:30—5:00 p.m. 


An evalua- 
tion will be made of the experience to date | 
of the five different power reactor proto- | 
types that were operated in the past year. | 
What is being learned that will aid in the | 
design and operation of truly large-scale | 
power plants will be covered. 
Should the Atomic Energy Act be| 
Amended? Certain features of the Act, in | 
effect for three and a half years, will be re- | 
viewed 


Power-Reactor Experience. 


reactor 


There are recommendations pend- 
ing that some of its restrictive limitations | 
be relaxed 

Outlook for Nuclear Ship Propulsion. 
This session will report on our ship propul-| 
sion program as initiated jointly by AEC | 
Future 
developments in this phase of the atomic | 


and the Maritime Administration. 


energy program will be considered. 
Market Potentials for Atomic Materials | 
Outside the Nuclear Field. Material costs | 
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in, J. A. Buckham, Phillips Petroleum | ae " 


Have you reappraised your 
insurance protection program? 


The use of radioactive materials can adversely 
affect your present coverages. Even though you conform to radiation 
safety codes and regulations, you may be open to exposures and liabil- 
ities peculiar to your own specific use of isotopes. It is important that 
you know. 

We are equipped and competent to give you an authoritative answer. 
Our own staff of professional engineers and insurance experts is backed 
by one of the nation’s outstanding nuclear consulting organizations, 
We are prepared to evaluate the insurance aspects of your radiation 
exposures, provide engineering service and insurance counsel in develop- 
ing sound protection, negotiate the broadest forms of insurance contracts 
with the lowest cost and highest limits obtainable. You can call upon 
us to engineer a program for the prevention of property loss and personal 
injury, to aid in your compliance with governmental regulations, to 
provide informed claim handling service in the event of loss. 

These are specialized nuclear insurance services developed by Marsh 
& McLennan. We would welcome the opportunity to discuss their value 


to your company. 


MaArsu & McLEnNNAN 
INCORPORATED 
Insurance Brokers 
CONSULTING ACTUARIES « AVERAGE ADJUSTERS 
New York 
Seattle 


Atlanta 
Montreal 


Detroit Boston 
Buffalo 
Cleveland 


London 


Minneapolis 
Indianapolis 


San Francisco 

St. Louis St. Paul Portland 

New Orleans Milwaukee Phoenix 
Toronto Vancouver Calgary Havana Caracas 


Chicago Les Angeles 
Pittsburgh 
Duluth 


Washington 


Tulsa 





WESTINGHOUSE COMMERCIAL 
ATOMIC POWER COMES OF AGE 


Where would you work on an atomic power plant? 


Physicists and Nuclear Engineers 


Criticality and lifetime studies, 
secondary loop water activation, 
component gamma heating, sta- 
bility and transient response, 
critical experiment design, fis- 
sionable and fertile material 
concentration, neutron flux dis- 
tributions, radiation analysis, 
thermal and biological shield- 
ing, conceptual and detail de- 
Sign of reactor and components. 


Chemists and Chemical Engineers 


Systems, process, vessel, and 
piping design and development 
extraction, ion exchange, calci 
nation, drying, adsorption, dis 
solving; physical, inorganic, and 
water chemistry; fine particle 
technology, heat transfer, corro 
sion, erosion, fluid dynamics 
liquid phase catalysis, reaction 
kinetics, instrumentation, tran 
sient analysis, boundary layer 
flow, rheology, and sedimenta- 
tation. 


Mechanical Engineers 


Design high pressure piping and 
vessels, heat exchangers, re 
mote repair equipment and 
tools, gas handling equipment 
mixer mechanisms; analyze 
problems in fluid flow, heat 
transfer, erosion, corrosion, 
gamma heating, stress analysis, 
hydraulic design, valve develop- 
ment, fluid dynamics, instru- 
mentation and control. 


POWER OUTPUT This diagram shows the main 
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parts of the world’s first homo- 
geneous power plant being de- 
veloped by Westinghouse 
Atomic Power Department in 
conjunction with Pennsylva- 
nia Power and Light Com- 
pany ... and just where you 
would work. This pioneering 
plant, unlike the heterogene 
ous reactor, will use a liquid 
or “slurry” nuclear fuel, capa- 
ble of continuous reprocessing. 


5 Commercial Atomic 
Power Programs 
Now Under Way 


1. A 150-megawatt homogen- 
eous reactor for Pennsylva- 
nia Power & Light Co. 
The first industry-owned 
testing reactor for nuclear- 
materials study (Owned by 
Westinghouse). 

A 134-megawatt reactor for 
Yankee Atomic Electric Co. 
A 134-megawatt atomic 
plant for Edison-Volta, 
Italy. 

An 11.5-megawatt pressur- 
ized water reactor for 
Belgium. 

Also research, analysis, and 

development of advanced re- 

actor types . . . and more pro- 
grams, national and interna- 
tional, are coming in. 


Immediate openings in the 
Pittsburgh area for: Met- 
allurgists. Physicists. Ceram- 
ists. Mechanical Engineers. 
Chemists. Chemical Engi- 
neers. Nuclear Engineers. In- 
strumentation & Control En- 
gineers. Atomic experience 
desirable but not necessary .. . 
we're not dependent on gov- 
ernment subsidy oppor- 
tunities for advanced study on 
company fellowships. 


Send your résumé to: C. S. 
Southard, Westinghouse 
Atomic Power Department, 
Box 355, Dept. 1417, Pitts- 
burgh 30, Pa. 


estinghouse 
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must be reduced if nuclear power costs are 


to be cut down. One way to accomplish 
this is to find new markets for the materials 
in non-nuclear areas. This panel will dis- 
in finding markets for 
nonnuclear uses of nuclear materials. Esti- 
mates of how this will affect the reduction 


of nuclear costs will also be covered. 


cuss progress made 


Tuesday, 9:30 a.m.—12:00 


How to Develop Better Products Through 
Radioisotopes. How radioisotopes can be 
used profitably will be the subject; experts 
in the field will present their solutions to 
the problems encountered in this field 

Reduction of Nuclear Power Costs. 
Substantial reductions must be made both 
in capital and operating costs. Answers to 
this problem will be attempted by consider- 
ing the following: improved techniques in 
the manufacture of 
cheaper methods of shielding and contain- 


reactor components, 


instrumentation 
Facilities 


ment, and proper 

Materials Testing 
and Demand. Manufacturers of 
components and materials must have facili- 


Supply 


reactor 


ties for testing their products under actual 
reactor operating conditions. The types 
facilities needed, those 
available, the 
for use and the problem of 


of test reactor 


presently techniques of 
arrangement 
priority service will be covered. 

How the Indemnification Law is Working. 
This panel will discuss how the new law is 
working, the problems that have arisen in 
the procurement of private protection and 
protection against 


the status of financial 


the liabilities assumed in overseas sales 
Tuesday, 2:30—65:30 p.m 

Latest Prospects for Economic Nuclear 
Power. Some of the problems to be ex- 
plored will be the prospects for achieving 
economic nuclear power for second genera- 
tion plants and the number of generations 
of nuclear plants expected to be built by 
industry and/or government. 

Potential Applications for Large Sources 
of Radiation. In the petroleum and chemi- 
eal industries, 
large sources of radiation seem promising. 


industrial applications of 
Product improvement, lower costs of some 
processes, and the creation of new products 
will be the result if such uses prove feasible 
Applications for large that are 
currently being considered will be discussed, 
as well as their industrial significance. 
Latest Developments in Thermonuclear 
Research. Scientific efforts have been 
directed recently toward the control of the 
The prospects and 


sources 


thermonuclear process. 
timetable for producing controlled thermo- 
nuclear power will be considered. 
Economics of the Reactor Fuel Cycle. 
Fuel fabrication and reprocessing are areas 
substantial reductions in 
However, such reduc- 


in which cost 


might be achieved. 
tions on a supply and demand basis are 
government control 
materials 


hindered because of 


on lease charges for fissionable 
and on buy-back prices for plutonium and 
U2%3, This panel will attempt to define 
those areas of the fuel cycle that, through 
further development technologically, may 
be subject to real economies in the future. 
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Wedne sday, 9:30 a.m.—12:00 


International Atomic Energy Activities. 
The 
Euratom target is the largest single market 
for sales by U. 8S. manufacturers outside 
he United Administrative prob- 
lems, such as assistance through individual 


itomic energy program set forth in the 


States. 


bilateral agreements with specific countries 
or agreements with multi-country organiza- 


tions, will be considered by U. S. and non-| 


U. 3S. experts. 


Hot Lab Papers 


Wednesday, 9:00 a.m.—12:30 
Hot Cells and Process Facilities 


New Multicell Facility in Idaho—D. C. 
Durrill, R. D. Dwigans, GE-ANPD 

Modified Hot Cell Facility at Livermore, 
California—R. V. Steele, V. P. Treciokas, 
Pratt & Whitney 

Remote Metallography at Pratt & Whitney 
Aircraft Livermore Hot Cells—E. C. 
Ward, A. J. Passeri, R. M. Hawkins, 
A. ( Loethen, W. Kinder 

Hot Machine Shop Cell at Pratt & Whitney 
Aircraft Livermore Facility—C. E. Cun- 

r. Jr 


Experiments—T. A. Arehart, J. A. 
Kaserman, T. L. Trent, ORNL 

New Chemistry Cell and Hot Waste Dis- 

System at the Knolls 
Power Laboratory—L. A. Altamari, 
R. F. Stearns, GE-KAPL 

Design for a Remotely Operated Facility 

High Temperature Processing of 

Reactor Fuel—G. J. Bernstein, 

Graae, M. Levenson, J. H. Schraidt, 

ANL 

Equipment for Purification of Spent Reac- 
tor Fuel by Melt Refining—D. C. Hamp- 
son, R. I 

Shielding Window Design for the EBR-Il 
Process Plant—K. R. Ferguson, L. M. 
Safranski, ANL 

Analytical Junior Cave Facility for EBR-II 
M. Levenson, J. J. McCown, ANL 

Megacurie Cave for Metallurgical Test- 
ing—W. B. Doe, ANL 

The Manipulator Hot Cells Above 
ORR Pool—H. M. Glen, ORNL 


tor 


posal 


for 
Spent 


the 


Wednesday, 2 OO —4:00 p.m. 
European Hot Laboratories 


A 10 Kilocurie Hot Laboratory in Saclay 
Bazire, Duvaux, Blin, Cherel, Saclay, 
France 

Equipment and Radio-Chemical Techniques 
in Saclay's Hot Laboratories—A. 
genbass, 
France 

Equipment and Radio- Metallurgical Tech- 
niques in Saclay’s Hot Laboratories 
J. L. Bernard, G. Cherel, J. P. 
lier, P. Bussy, D. Gondal, J 
Saclay, France 

The C.E.A.N.’s Hot Facilities at 
E. Detilleux, C.E.A.N. 
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Bloch, 


Mol 


Atomic | 


-_ " = |} metric, 
Malecha, J. H. Schraidt, ANL | : 
| Generation of the special fun 
| matical physics whict an 


Rag- 
J. Dufresne, P. Faugeras, Saclay, | 


Mustel- | 


| 


WE HAVE 
FOR 


YOU views 


DEMONSTRATION EQUATIONS 


SOLVED BY 


“THE ENGINEER'S 
COMPUTER” 


Litton Dicitat DiFFERENTIAL ANALYZERS are designed to solve, with a minimum 
of programming effort, those problems generally arising in the fields of engineering 
and mathematics. The remarkable insight you obtain with these accurate, versatile 


Segmenting Cells for Dismantling in Reac- | incremental computers is an experience reported to us again and again. /nsight into 


the problem stems partly from your own programming, partly from the continuous 
rapport you have with the problem as your uniquely personal mathematical tool 
solves for you. The Litton DDA plugs into any standard 110-volt outlet. You need 
only a few hours of coaching from us to grasp the programming for — 


Solution of linear and non-linear differential equa 
tions including those containing transcendental 
functions. 


d differential equations in 
uding conformal mapping 


Solution of algebraic ar 
complex variables, ir 
Simulation of nor ear dynamical systems 
tandard algebraic, trigono 
tunction 


Generation of ar 
or inverse trigonometric 


tions of mathe- 
be expressed as solu- 
tions of differentia! ea These include the 


sations 


Jacobi Elliptic Functions, Sturm-Liouville Equa- 
tion, Hypergeometric Function, and Legendre 
Functions. 

Performance of logical switching functions, such 
as introduction of step functions, ramp functions, 
limiting, and mode of operation switching 


Multiplication and division of variables, etc., etc. 

CAPACITY: Mode! 20— 20 Digital integrators 
Mode! 40— 40 Digital Integrators 

ACCURACY: Up to 1 part in 2" (te 


COST: Model 20, $12,800 — Mode! 4( 


5 decimals) 
$16,800 


LITTON INDUSTRIES 


ELECTRONIC EQUIPMENTS DIVISION 
336 North Foothill Road + Beverly Hills, California 


LITTON 20 & LITTON 40 DIGITAL DIFFELENTIAL ANALYZER 
LITTON PAPER TAPE PUNCH/READER 


PLOTTER/ FOLLOWER 


LITTON GRAPH PLOTTER LITTON GRAPH 
LITTON DIGITAL TO ANALOG CONVERTER 


ecco o- ornare eo 


SEND 


Please send me, without obligation, specifications on the Litton 
20 & 40 DDA ss, pilus a tabulation of 55 demonstration equations. 





COUPON 


Company 





TODAY! 


Street 





City 


Zone State 








N-3 


ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee es ee 
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Ultrasonic Portable 
DECONTAMINATING UNIT 


| Some Ideas and Proposals Regarding 
| Standardized Equipment for Hot Labora- 
tories and Remote Control—G. W. 
| Oecetjen, Leybold-Hochvakuum-An Lagen, 
| G.M.B.H., Koln-Bayental, Germany 

J 

| 

| 


Thursday, 9:00 a.m.—12:30 
penaiatien and Other Facilities 


The University of Minnesota Gamma Ir- 
radiation Facility—H. S. Isbin, R. O. 
Wollan, C. R. Lagerquist, Univ. of 
Minnesota 
Description of a 19.5 Kilocurie Co® Source 
and Hot Cell—R. Anliot, Admiral Corp. 
Facility to Study the Effects of Radiation 
on Petroleum Processes and Products 
and the Uses of Radioactive Material 
in the Petroleum Industry—R. J. Buehler, 
Sinclair Research Laboratories 
The Construction and Startup of a 100,000 
Curie Co Irradiation Facility—L. W. 
Haaker, C. A. Hermanson, Nucledyne 
es Corp. 
ATOMIC occessoite inc a A Survey of the Characteristics of Gamma 
Irradiation Facilities—K. R. Ferguson, 
Manufactured by ANL 
Model DEC-50 ACOUSTICA Associates Inc. The Design of the Idaho Expended Core 
Mineola, New York Facility—C. E. Langlois, Westinghouse 
The Ultrasonic DEC-50 portable decontaminating unit is a compact, sturdy, | Reactor Core and Fuel Element Handling 
and Disassembly in the ECF Water Pits— 
N. J. Clayton, Westinghouse 
minutes. By virtue of the small size and simple operation, the DEC-50 can Operating Experience with Zinc Bromide 


be strategically located in many laboratory areas to simplify disposal of Shielding Windows at the Knolls Atomic 


2 . ‘ ‘ Power Laboratory—R. F. Stearns, E. L. 
radioactive waste and reclamation of contaminated components. Shirley, GE-KAPL 


Remotely Cutting and Canning Core 


lisi- DEC-50 IS IDEALLY SUITED FOR: Samples Obtained from Underground 
DECONTAMINATION fe) 2 TOOLS Nuclear Tests—B. F. Bottenfield, L. M. 


Howell, ORNL 
LABORATORY APPARATUS er Vehicile—R. F. Morand, 
REACTOR EQUIPMENT AND SAMPLE HOLDERS The Argonne High Level Gamma Irradi- 
ation Facility—H. G. Swope, ANL 
A 10,000 Corie Co” scoibainlaen Facility for 


Model DEC-50 consists of a single switch one-knob control, space- Chemice! Research—R. A. Blomgren, 
saving generator with carrying handle and the transducerized ANL 

tank, The sturdy tank, made of 18-8 stainless steel, is corrosion A Gamma Irradiation Cell for Industrial 
DESCRIPTION: resistant, and has rounded corner for easy cleaning. Generator Use—R. J. Moffett, AECL 

dimensions: Height-10", Width-7", Depth-10%". Overall tank Coloration of Shielding Window Glasses 
dimensions: Height-9", Width-5%4", Depth-534", more than % K. R. Ferguson, R. L. Reed, ANL 
gallon cleaning compartment. Weights approximately 25 Ibs. Clarification of Clouded Oil Filled and 
Zinc Bromide Shielded Windows—G. G. 
Plastino, GE-ANPD 


trouble free unit which ultrasonically scrubs away radioactive particles in 








Just plug inte a 115V-AC outlet and turn switch to “operate” for 
@ continuous duty cycle. No limit timer is required, 


OPERATION: 
Hot Laboratory Practices and 
Equipment 





Convenient outlet tap provided on the tank for drainage. Light- Remote Metallography Practices at Bat- 
weight, portable, compact. Trouble-free; no maintenance. Abso- telle's Hot-Cell Facility—A. W. Hare, 
FEATURES: lutely safe. For “hot-lab” use, tank can be remotely located from 4. A. Bauer, R. F. Dickerson, BMI 
generator using optional extension cable. Second transducerized 
tank to be driven alternately by same generator. 


LARGER CAPACITY TANKS AVAILABLE. 


Remote Metallographic Equipment and 
Practices—F. M. Cain, F. O. Bingman, 
Westinghouse 

Micromanipulator For Use Inside a Re- 

Write for Bulletin NF2 mote Handling Cell—J. G. McCubbin, 

HEADQUARTERS FOR ALL NUCLEAR ACCESSORIES |“: ® Bain, AECL wie 

Impression Molding of Radioactive Ele- 
ments—W. F. Niebuhr, H. K. Ruhl, 


ATOMIC accessories ine. vi-Karr 


Density Measurement Problems in Hot 


244-02 JAMAICA AVE., BELLEROSE 26, NEW YORK © PRimrose 56175 | ceiis—K. Stratton, Westinghouse 


Primary Containment For High Level Cave 
Experiments—G. J. Deily, C. K. Nichol- 


son, DuPont-Savannah River 
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Hot Laboratory Problems in lsolating Gram 

Quantities of Transplutonium Elements 
C. H. Youngquist, P. R. Fields, ANL 

Laboratory Equipment for the Collection of 
Fission Product Gasses From Irradiated 
Ceramic Fuel Elements—R. L. Brandt, 
C. G. McCormack, GE-HAPO 

Modification to Master-Slaves at Bettis 
Hot Laboratory—E. H. Stearns, West- 
inghouse 

Remote Installation and Removal of Hot 
Cell Apparatus—M. G. Willey, ORNL 

Fuel Recovery From Core Meltdown of 
EBR-! ( Movie), ANL 

A Conducting Plastic for Metallographic 
Specimen Mounts—D. C. Durrill, GE- 
ANPD 

A Furnace for Elevated Temperature Ten- 
sile Testing—E. D. Grazzini, Westinghouse 

A New Fuel Element Annealing Facility at 
Knolls Atomic Power Laboratory—R. F. 
Stearns, R. Markman, GE-KAPL 

The Bettis Plant Radioactive Sample Corro- 
sion Test Facility—A. L. Maharam, West- 
inghouse 

A Remotely Operated Universal Milling 
Machine for a High Level Radioactive 
Metallurgy Cell—C. A. Baumgartner, 
Curtis-Wright 

Evolution of Remote Milling Machines at 
Pratt-Whitney Aircraft, Livermore—C. E. 
Cunniff, Jr., Pratt & Whitney 

Remote Controlled Lathe—C. A. Crawford, 
A. 8. Bain, AECL 

A Continuously Recording Micrometer- 
Profilometer For Hot Laboratory Appli- 
cation—K. Stratton, Westinghouse 

General Electric's Vallecitos Laboratory 
Hot Metallographic Facility—J. R. 
Morgan, D. E. Hughes, GE-APED 

Contamination Control Procedures at Pratt 
& Whitney Aircraft's Hot Laboratory, 
Livermore, California—M. K; Wu, H. M. 
Clokie, Pratt & Whitney 

Decontamination Studies on Ceramic Prod- 
ucts—A. J. Beccasio, P. Y. Feng, Armour 
Research Foundation 

Control of Radioactive Contamination— 
W. H. Leith, DuPont-Savannah River 

Plutonium Irradiation—W. M. Cashin, L. A. 
Altamari, GE-KAPL 

Recovery of Gaseous By-Products Employ- 
ing Vacuum Techniques—V. G. Scotti, 
Pratt & Whitney 

Sampler and Filter Cartridge Changer 
Equipment for Radioactive Organic- 
Aqueous Streams—W. A. Pate, E. L. 
Hutto, ORNL 

A Pneumatic Carrier for Irradiation of 
Materials in {NRX Reactor—E. C. 
Trapp, AECL 

A Vacuum Dilatometer for Linear-Thermal 
Expansion Determination on Irradioted 
Materials—H. W. Deem, J. E. Gates, 
BML 

Design, Standardization, Cost and Source 
of Plastic Glove Rings—O. J. DuTemple, 
H. O. Smith, J. H. Schraidt, ANL 


Thursday, 2:00—4:00 p.m. 
The Operational Aspects of Hot 
Laboratories—Panel 
The panel discussion will consider design 


and operational problems in handling radio- 
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= SCINTEX BRAND Plastic 
Phosphor Scintillators 


= Anthracene & Stilbene Single 
Scintillation Crystals 


= Alpha, Beta, and Fast Neutron 

Scintillation Detectors 

= Sodium lodide (TL) Crystals 

a Lithium lodide (EU) Crystals 

= Cesium lodide (TL) Crystals 

= Optical Crystals 

= Special Crystals Grown To Order 
SCINTEX BRAND PLASTIC PHOSPHORS 
are used in exacting research applications 


as well as in standard instrumentation where 
stable, long-life performance characteristics 


» are demanded at an economical cost. 


We unconditionally guarantee the perform- 
ance, workmanship and materials of our 
SCINTEX BRAND Plastic Phosphors for one 
year in normal usage. 





packless 


valves 


Hoke packless valves are 


designed for tough applications, 


like critical high vacuums, 


corrosive or dangerous fluids 

and high temperatures. Our experience 

with these problems has resulted in a line 

of packless valves broad enough to suit most 

every need. The valves shown here are typical Hoke 
designs. These and others are explained in detail in 
Bulletin PV656. Write for it. It’s yours for the asking! 


HOKE 


INCORPORATED 


Fluid Control Specialists 


235 S. DEAN STREET, ENGLEWOOD, N. J. 


- 


@ Vallecitos Atomic Laboratory 


Vallecitos Boiling Water Reactor—fuel being loaded prior to start-up, October, 1957. 


Irradiation Space Immediately Available 


Now operating at 20,000 thermal kilo- 
watts, the Vallecitos Boiling Water 
Reactor (VBWR) is ready for selected 
irradiation experiments. Space is avail- 
able at a flux of 5 x 10 in 1000 
pounds saturated water at 545° F. 


For more information on VBWR ir- 
radiation space and other Vallecitos 
Atomic Laboratory services, write to 
Section 197-7, Vallecitos Atomic Lab- 
oratory, P.O. Box 846, Pleasanton, 
California. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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greater than kilocurie 
Panel: R. C. Westphal, Westing- 
Stratton, 
house, vice-chairman, E. J. Deily, DuPont- 
Savannah River, W. B. Doe, ANL, R. R. 
Fouse, Westinghouse, D. D. LaRocque, GE- 
KAPL, E. 8. Schwartz, ORNL, L. D. Turner, 
GE-HAPO 


active material of 
activity. 
Westing- 


house, chairman, K 


Friday, 9:00 a. m.—12:30 


Hot Laboratory Safety 


Fire Protection and Safety Consideration 
for Hot Laboratories—E. L. Stout, LASL 

Fire Protection in Radiochemical Facilities 

T. W. Hungerford, ORNL 

Hot Lab Safety—J. T. Conboy, 8. C. Smith, 
GE-KAPL 

Some Safety Recommendations Pertinent 
to Hot Laboratories—L. G. Stang, Jr., 
BNL 

Laboratory Ventilation—R. J. 
Pont-Savannah River 


Hale, Du- 


Review of High Efficiency Air Filters—P. M. 

Engle, Cambridge Filter Corp. 
Ventilation Enclosures for Radiochemistry 
R. E. Wallace, J. L 


California 


Murrow, Univ. of 


1958 Atomfair Exhibitors 


This listing contains all exhibit descrip- 
tions available as NUCLEONICS went to 
press as supplied by the exhibit manager. 
Some listings, received late, appear at the 
The numbers International 


end. are 


| Amphitheater booths.) 


ACF Industries, Inc., 508 Kennedy 
St., N.W., Washington 11,D. C. Dis- 
plays of reactors and nuclear products. 

(100, 102) 


American Association for Advance- 


| ment of Science, 11 W 42nd St., N. Y. 


36, N. Y. 114) 


Assembly Products, Inc., Chester- 
land, Ohio. 


controls, relays and panel meters. (228) 


Temperature and voltage 


Atomic Development Mutual Fund, 
Inc., 1033 30th St., N.W., Washington 
7, Dk. (311) 


Atomic Energy of Canada, Ltd., 
P. O. Box 93, Ottawa, Ontario. Ir- 


radiators, radiology machines. (401) 


Atomics International Div., North 
American Aviation, Inc., P. O. Box 309, 
Canoga Park, Calif. 


models. 


Power reactor 
(116, 118) 
Automatic Switch Co., Hanover Rd., 
Florham Park, N. J. 


valves, pressure operated valves, auto- 


(349, 353) 
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Solenoid operated 


matic transfer switches. 
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The Babcock & Wilcox Co., 161 E. 
42nd St., N. Y. 17,N.Y. 


fuel elements. (219, 221, 223) 


Baird-Atomic, Inc., 33 University Rd., 
Cambridge 38, Mass. Instrumenta- 
tion for radioactivity detection and 


alysis. 210, 212) 


Bendix Aviation Corp., 3130 Was- 
son Rd., Cincinnati 8, Ohio. 
channel pulse-height analyzer, nuclear 
density gage, dosimeters and dosimeter 


(150) 


Beryllium Corp., P. O. Box 1462, 
Reading, Pa. Be metal, chemicals and 
alloys. (320) 


charg rs. 


BJ Electronics, Borg-Warner Corp., 
3300 Newport Bivd., Santa Ana, Calif. 
Spectrometry, counting, reactor-con- 
trol and research instrumentation. 

(154) 


Brush Beryllium Co., 4301 Perkins 
Ave., Cleveland 3, Ohio. Pure Be 
metal and BeO fabricated shapes. 

(444) 


Bureau of National Affairs, Inc., 
Washington, D. C. Atomic industry 
reports 


S. Blickman, Inc., 536 Gregory Ave., 
Weehawken, N. J. Fume hoods and 
safety enclosures for handling radio- 
materials and other hazardous 


(232) 


active 


substances. 


Cambridge Filter Corp., 738 Erie 
Bivd., E. Syracuse 3,N. Y. Filters and 
smoke demonstrator. (411) 


Carborundum Metals Co., Niagara 
Falls, N. Y. Zirconium. (447, 449) 


Carpenter Steel Co., Springfield 
Rd., Union, N. J. Stainless steel pipe 
and tubing, high alloys with special 
emphasis on a new product. for nuclear 
power (114) 


Central Research 
Inc., Red Wing, Minn. 


manipulators. 


Laboratories, 
Master-slave 
(328) 


Charleston Rubber Co., Stark Indus- 
trial Park, Charleston, S. C. Neo- 
prene and synthetic rubber, dry-box 
chemical resistant gloves and 

(238) 


gloves, 


aprons. 


Cleveland Hard Facing, Inc., 3047 
Stillson Ave., Cleveland 5, Ohio. 
Steel valves, sleeves, shafts and seats 
with hard-faced overlays. (123) 
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WEAPON SYSTEMS by V//77 


ViTRO CORPORATION OF AMERICA has built an outstanding per- 
formance record in weapon systems development for the Navy’s new 
guided missile ships, now on guard around the clock. Vitro has done 
systems engineering for every one of the guided missile ships and has 
designed installations of launching and handling systems for the 
Navy’s Terrier, Tartar and Talos and the Army’s Hawk missiles. 
Systems engineering techniques, pioneered by Vitro, are standard 
operating procedure for installation and maintenance of Navy missiles. 


Vitro has important ordnance system contracts with Army, Navy 
and Air Force plus contracts for sub-systems and components. It is 
engaged in electronics manufacture, aircraft components development 
and manufacturing, and research and development in physics, chem- 
istry, electronics, aerodynamics, ceramics, metallurgy, hydrodynamics, 
cybernetics, nucleonics and acoustics. 


Whether the need is for operations research, long-range studies, 
components, sub-systems or complete weapon systems, Vitro experi- 
ence assures top performance. A rew brochure 
describes Vitro’s weapon systems capabilities. 


Vitra 


@ Research, development, weapon systems 





CORPORATION of AMERICA 
261 Madison Ave., New York 16, N.Y. 
Ss Thorium, rare earths, and heavy minerals 
© Recovery of rare metals and fine chemicals 


A Aircraft components and ordnance systems 
€ Ceramic colors, pigments, and chemicals 


C4 Nuclear and process engineering, design 
A Refinery engineering, design, construction 
4% Uranium mining, milling, and processing 





permanent 


| y/ 
“4 A sleeve, raised 


and lowered with- 
in @ nonmagnetic 
tube, attracts or 
releases an Alnico 
magnet attached ,; 
to the mercury St 
(or dry contact) © 
switch. Basically, 
this is Magnetrol. 
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Columbia-National Corp., 70 Me- 
morial Dr., Cambridge 42, Mass. 
Zirconium. (427) 

Combustion Engineering, Inc., 200 
Madison Ave., N. Y.16,N.Y. Nuclear 
reactor systems, cores, heavy compo- 
nents, and steam generators. 


(313, 315) 


Cooper Alloy Corp., Bloy St. & Ram- 


The operating principle sey Ave., Hillside, N. J. Stainless 


steel valves, fittings and castings for 


behind MAGNETROL = sree (309) 


Cooper Metallurgical Associates, 


| 
LIQUID LEVEL CONTROL #§ pox 3991, Cleveland 20, Ohio. Boron 


Because its operating principle, based on the proper 

use of a permanent magnet, guarantees a perpetual 

guardianship over your critical liquid levels, the Mag- 

netrol liquid ievel control unobtrusively takes the most 

important place in any system or process where it is 
necessary to keep a liquid at a constant level. Princ‘ple and 

action are so simple that failure is virtually impossible. Mag- 
netrol is versatile, tcoo—will handle almost ANY liquid, at ANY 
temperature, at ANY pressure, with the same precision and 
dependability. No mechanical or electrical linkages to stick, bind, 
ride out of line or wear out. Available for controlling level changes 
from %" to 150 ft. Multi-stage switching when desired. Write to 


MAGNETROL, Inc.., 2115 S. Marshall Bivd., Chicago 23, Illinois 








careers in peaceful 
applications of atomic energy 
HEAT TRANSFER ANALYSIS 


Responsible positions on 
our Engineering Staff 


SENIOR MEN 
Qualifications: BS, MS, or PhD in ME or 
Chem. E. Prefer 2-5 years’ related engineer- 
ing background. Outstanding opportunities. 
Perform and direct studies on heat transfer 

in reactor systems, and on the dynamics 
and thermodynamics of fluid flow. 


Write: Answer will be prompt and confidential 


ATOMICS 
INTERNATIONAL 


7 A Divi IN NORTH AMERICAN AVIATION, INC, 
Mr. G. W. Newton, Personnel Office, Dept. C-23 
21600 Vanowen Street, Canoga Park, California 

(In the Suburban San Fernando Valley, near Los Angeles) 


and Borides. (452) 


Corning Glass Works, P. O. Box 544, 
Corning, N. Y. All-glass radiation 
shielding window, dosimeter glass and 


| glass pipes. (202, 204) 


| Crane Co., 836 S. Michigan Ave., 
Chicago 5, Ill. Specialized piping 
(249, 253) 


| products. 


Crossroads Marine Disposal Corp., 
26 T. Wharf, Boston, Mass. (424) 


Cuno Engineering Corp., South Vine 
St., Meriden, Conn. Filters, edge- 
type, wire-wound, fiber-cartridge, po- 
rous sintered stainless steel, and screen- 
type for liquids and gases. (205) 


Edlow Lead Co., 729 Bank St., Co- 
| lumbus 16, Ohio. Disposal containers 
| for radioactive waste, lead shielding 
litems, lead bricks, isotope shipping 


| casks and lead castings. (236) 
| 


| Edward Valves, Inc., 1200 W. 145th 
| St., East Chicago, Ind. Stainless-steel 
| valves. (217) 





| Encyclopaedia Britannica, 400 
|W. Madison Ave., Chicago, Ill. New 


edition of encyclopaedia, supplement 
and research services. (129) 


Ford Instrument Co. Div., Sperry 
| Rand Corp., 31-10 Thomson Ave., Long 
\Island City, N. Y. Controls and re- 
\lated equipment for nuclear applica- 
| tion. (319, 321) 

General Electric Co., One River Rd., 
| Schenectady, N. Y. Working models 


| of reactor equipment. (405, 409) 


General Mills, Inc., 1620 Central 
|Ave., Minneapolis 13, Minn. Re- 
motely controlled manipulators and 
related handling equipment. (254) 


Griscom-Russell Co., Massillon, 
|Ohio. Models of liquid metal heated 
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steam generator, feedwater heater, 
evaporator and various samples of 
extended heat transfer surfaces. (305) 


Hamner Electronics Co., Inc., P. O. 
Box 531, Princeton, N. Y. Electronic 


nstruments. amy REMOTE AREA 
High Voltage Engineering Corp., MONITORING SYSTEMS 


Burlington, Mass. Van de Graaff | 
a nicrowave linear particle acceler- 
itors for nuclear research, electron | 
processing, sterilization and radiation | 
chemistry. (227) 


It’s gust part of the Victoreen story... 

























Industrial Accessories Corp., P. O. 
Box 127, Glen Ellyn, Ill. Zine bromide | 
window, special sodium vapor light fix- 
ture and air filters. (415) 













International’ Nickel Co., Inc., 67 
Wall St., New York 5, N. Y. Use of 
nickel and nickel alloys in atomic 
energy (113, 115) 


O. G. Kelley & Co., 98 Taylor St., 
Dorchester 22, Mass. Various types 
of radiation shielding and _ stainless | 
steel equipment for the nuclear| 
ndustry. (220, 222) | 













Kollmorgen Optical Corp., 347 King | 
St., Northampton, Mass. Periscopes 













with camera attachments for observa- | f 
tion of nuclear processes; binocular and | 
monocular underwater periscopes, pan- | 

| 






oramic cameras for corrosion inspection 
plate-type fuel elements; borescopes; | 
precision optical and mechanical | 






RELIABLE systems for remote area monitoring—by 













ents. (246, 248) 
. ictoreen. That’s j of Victoreen’s radiation i- 
Ladish Co., Cudahy, Wisc. Unusual | poco story +s just part Vv ‘ — 
fittings, valves, drop forgings and rolled | Agr , 
aaa aia so fe aa For we’re in production and can ship proven remote 
we eae ; pac: area systems to AEC requirements for radiation monitoring 
nuclear industry. (138, 140) | from, a. contrel center 
Leeds & Northrup Co., 4970 Stenton Get the full story on Victoreen’s monitoring systems. 
Ave., Philadelphia 44, Pa. Instru- We make them for air, gas, water, sewage, etc. That’s 
mentation for nuclear res _— Victoreen—the name that means radiation detection, mon- 
(209, 211) | itoring, and reliable protection. aa-ome 





P. M. Lennard Co., Inc., 1 Hanson PI., 
Brooklyn, N.Y. Dry boxes, safety and 
| equipment of stainless steel and | 







transparent plastic. au) cer: 
Linde Co., 30 E. 42nd St., N. Y. 17, | ee 
— ~ a 9 Ae , | Request your copy of Form 


N. Y. Nuclear graphite, carbon and " 
' vases (332, 336, 338, 340) \ ES: 3045a (remote area monitoring 


es \ PH) systems). 
Lindsay Chemical Co., 258 Ann St., — 


West Chicago, Ill. Thorium and rare 
earth for fuel element and other neu- 


tron absorption applications. (120) TI 


Lukens Steel Co., Coatesville, Pa. 











uctoreen Instrument Company 


Instruments Division 








Back-lighted panels showing applica- ; 
tion photographs of products and 5806 Hough Avenve, Cleveland 3, Ohio 
samples. (327) WORLD’S FIRST NUCLEAR COMPANY 
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NMC ) COMPLETE MONITORING SYSTEMS 
aclamacleliolela sha: 
AIRBORNE PARTICLES - GASES 
WATER CONTAMINATES (Soluble or Suspended) 


INDIANAPOLIS 


AB,7 
AIR 


’ i . | Fuel elements and components 
MONITOR . MONITOR | Fuel elemer comy 


Mobile j f { — Mobile 
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Mallinckrodt Chemical Works., 2nd 
& Mallinckrodt Sts., St. Louis, Mo. 
(300) 


Mallory-Sharon Metals Corp., 980 
Warren Ave., Niles, Ohio. Titanium, 
| zirconium, and hafnium mill products. 
(119, 121) 





| Marchant Calculators, Inc., 1475 
| Powell St., Oakland 8, Calif. Calcu- 

lating and adding machines. (214) 
| The Martin Co., Baltimore 3, Md. 


(354) 


George T. Meillon, Inc., 132 Nassau 


Model AM SA = Model AM 2 | s+ N.Y. 38,N.Y. Dosimeters of vari- 


(moving filter ) (fixed filter- 


@ Records and warns automatically for periods up to one week, unattended. 

@ Complete monitoring systems or individual units (illustrated) assembled 
from standard components 

@ Custom built to solve any monitoring problem. 

@ Designed for absolute containment of sampled radioactivity. 

@ NMC professional consultation included with each instrument. 


Nuclear Measurements Corp. 
2460 N. Arlington Ave. * Telephone: LIBERTY 6-2415 
INDIANAPOLIS 18, INDIANA 
International Office: 13 E. 40th St., New York 16, N.Y. 














ION CURRENT CHAMBER-—Model BR 


This Ion Current Chamber will be on display at our Booth No. 112 at 
the ATOMFAIR. We will gladly answer all your questions concerning 
this chamber which is rapidly becoming the standard for use in zero power 
level installations, although its use is not limited to this application. The 
added efficiency of gas filling of BF, gives it several times more favorable 
neutron to gamma sensitivity in comparison with a coated chamber. 


Our Chambers are in use by: 


American-Standard Atomic Energy Div. 
Argentina’s AEC 
Argonne National Laboratory 
Babcock & Wilcox Co. 
Battelle Memorial Institute 
Bettis Atomic Power Division 
of Westinghouse 
Knolls Atomic Power Laboratory of GE 
Savannah River Plant of DuPont 





Specifications: 

34” dia. x 84” long 

Operating Voltage—1500 Volts 

Sensitivity to neutrons—1.3 x 10-"? amps./nv 
Sensitivity to gammas—1.2 x 10- amps./R/hr. 











NEUTRONICS LABORATORY 


NEUTRON INSTRUMENTATION - Tinley Park, Illinois - Phone SYcamore 8-9113 








ous types, film badges and monitome- 
ters. 250) 


Metals & Controls Corp., 34 Forest 
St., Attleboro, Mass. Fuel elements 
and component parts. 128) 


Minneapolis-Honeywell Regulator 
Co., Wayne & Windrim Aves., Phila- 
delphia 44,Pa. Nuclear reactor simu- 
lator, data handling system and multi- 
channel oscillograph. (306, 310) 


MSA Research Corp., Callery, Pa. 
Electromagnetic pumps, high-pressure 
temperature gauges, magnetic flow- 
meters, heat-transfer systems, chemical 
oxygen sources and NaK. (335, 337) 


National Carbon Co., 30 E. 42nd St., 
N. Y. 17, N.Y. Nuclear-grade graph- 
ite, carbon and rare gases. 

(332, 336, 338, 340) 


National Lead Co., 111 Broadway, 
N. Y.6,N. Y. Lead and barites shield- 
ing and fuel elements. (431) 


Neutronics Laboratory, 168th & Kil- 
patrick Ave., Tinley Park, Ill. Reactor 
control instruments. (112) 


Nuclear-Chicago Corp., 223 W. Erie 
St., Chicago 10, Ill. A subcritical stu- 
dent training reactor together with a 
complete laboratory of detection and 
measuring instruments. (341, 343) 


Nuclear Development Corp. of 

| America, 5 New St., White Plains, N. Y. 

Critical assembly and hot lab facilities. 

(345, 347) 

Nuclear Measurements Corp., 2460 

| N. Arlington Ave., Indianapolis 18, Ind. 
Radiation detection instruments. 


(122 


) 
am) 


| NUCLEONICS, McGraw-Hill Publish- 
| ing Co., 330 W. 42nd St., N. Y. 36, N. Y. 


| Headquarters for meeting the editorial 


February, 1958 - NUCLEONICS 





NUCLEAR CONGRESS 


This article starts on page 77 


iles staffs of Nucteonics. (110) 


Penberthy Instrument Co., 4301 Sixth 
Ave., So., Seattle 8, Wash. Lead glass 
radiation shield windows. (428) 


Pergamon Press, Inc., 122 E. 55th St., 
N. Y.22,N.Y. Technical and scientific 
I (124) 

Plan Hold Corp., 5204 Chakemco St., 
South Gate, Calif. Vertical filing 


equipment for blue prints, maps, plans 
(216) 


books and periodicals. 


1 
ind other iarge sheets. 


Purolator Products, Inc., 970 New 
Brunswick Ave., Rahway, N. J. Indus- 
tr filtration equipment, chemical 

s equipment, air and gas filters, 

gas diffusers and separators. (136) 
Radiation Counter Laboratories, 
5121 W. Grove St., Skokie, Ill. 
ear data processing instrumenta- 
(331) 


Inc., 


Radiation Instrument Development 
Laboratory, 5737 S. Halsted St., 
Chicago, Ill. Multichannel analyzers, 

I pulse generators, counters, 
rious types of nuclear 


entation. $45) 


Saginaw Steering Gear Div., Gen- 
Motors Corp., 3900 Holland, 
Saginaw, Mich. Ball bearing screws 


(322) 


eral 


Sandusky Foundry & Machine Co., 
W. Market St., Sandusky, Ohio. 
trifugally cast cylinders and piping of 


Cen- 


plain carbon, and low alloy 


{ 453) 


Superior Steel Division, Copper- 
weld Steel Co., Carnegie, Pa. Mill 
produced in boron stainless 
zirconium and its alloys and 
ties for producing nuclear 
rials. (317) 
Superior Tube Co., Box 191, Norris- 
town, Pa. Small diameter metal tub- 
ng for nuclear energy applications, 
| rods and channels for nuclear 

ors fabricated from plate, strip, 
(312) 


nd tubing. 


Sylvania-Corning Nuclear 
Bayside, N. Y. 


Corp., 
Nuclear fuel elements. 
(106) 
Technical Associates, 140 W. Provi- 
dencia Ave., Burbank, Calif. Health 
physics instrumentation, reactor con- 
instruments, monitors and lead 
shields (142) 
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Thermal Refractories Corp., 4501 | 
Dell Ave., North Bergen, N. J. 
Beryllia, alumina, thoria, spinel, and 
zirconia of high purity and high-fired 
precision ceramics. (318) 

Thomson Products, Inc., 2209 Ash- | 
land Rd., Cleveland 3, Ohio. Nuclear 


reactor components. (357, 360) 


Tracerlab, Inc., 2030 Wright Ave., 
Richmond, Calif. Airborne-particulate 
monitor, gas monitor, water monitor 
associated | 


(422) | 
| 


Union Carbide Corp., 30 E. 42nd St., | 
N. Y. 17, N. Y. Nuclear graphite and 
carbon, “The Union 
Carbide Nuclear Company Story.” 

332, 336, 338, 340) 


for reactor effluents and 


electronic equipment. 


rare and 


gases 


United Shoe Machinery Corp., Balch 
St., Beverly, Mass. PWR refueling | 


valve actuator and annualar | 


speed reducer using the ‘Harmonic | 


(239, 241) | 
| 





system, 


Drive”’ principle. 


Looking for 
Nuclear Components? 


Look what C. H. Wheeler 
offers you: 


The experience you want: C. H. Wheeler has been 
designing and building equipment for atomic energy 
installations since 1939, when the first nuclear chain 
reaction took place; and has been building power 
plant equipment since 1887 


4 


United States Radium Corp., Morris- | } 


sources and| 


Radiation 


OG. De 


radioisotope-excited light sources. 


town, 


United States Steel Corp., 525 Wil- 
liam Penn PI., Pittsburgh 30, Pa. Steel 


alloys, including stainless steel, in tub- | ~= 


ing and forgings 240, 242, 244) 


D. Van Nostrand Co., 
Nassau St., Princeton, N. Y. 


Inc., 48 
Books. | 


(413) 
E. Colorado St., 


Control rod drive 
(416) 


Vard, Inc., 2981 
Pasadena, Calif. 
mechanisms. 

Victoreen Instrument Co., 5806 
Hough Ave., Cleveland 3, Ohio. In- 
struments for measuring, 
counting and monitoring. (408) 


Vitro Corp. of America, 261 Madi- 
son Ave., N. Y. 16, N. Y. Nuclear 


radiation 





activities, including mining, milling, 
processing, research and development | 


and engineering. (144, 146) | 


| 


Wah Chang Corp., 233 Broadway, | 
N. Y.7,N.Y. (314, 316) | 
Westinghouse Electric Corp., 3 
Gateway Ct., P. O. Box 2278, Pitts- 
burgh 30, Pa. 


valves, controls, fuels, electronic tubes, 


Rare metals. 


teactor models, pumps, 


electric heating elements and air-parti- 
cle detector equipment. 
(182, 231, 235, 237) 
Wolverine Tube Div., Calumet & 
Hecla, Inc., 17200 Southfield Rd., Allen 
Park, Mich. Copper, copper-base al- 
loys and aluminum tubing and trufin, | 
the integral finned tubing. (206) | 





_ " = 


The engineering you need: At C. H. Wheeler, a fully 


staffed, imaginative Engineering Department is at 
your disposal, ready to provide new design ideas to 
meet your most exacting requirements. 


The manufacturing facilities you must have—Modern 
precision machinery and highly skilled, experienced 
technicians enable us to produce canned pumps, 
glandless valves and many other specialized items. 
Whenever you see the name C. H. Wheeler on a prod- 
uct, you know it’s a quality product. 
Write for information on: 

PRESSURE VESSELS + CANNED PUMPS - GLANDLESS 
VALVES + HEAT EXCHANGERS & CONDENSERS 


Atomic Products Divi 


C. H. Wheeler Mfg. Co. 


Serving Industry For Nearly Three-Quarters 
Of A Century 
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reproducibility 


3300 NEWPORT BOULEVARD, P. 0. BOX 


and stability 


8) ELECTRONICS 


Eatin} 





All other means of studying induced radio- 
activity levels are considered passé by 


those who have encountered our Detecto- | 


lab® DZ46 Automatic Gamma Ray Spec- 
trum Recorder. Grip tightly though he 
may, friend Sherman’s method lacks pro- 
vision for operational reliability, precision 
and stability for counting and recording of 
induced radioactivity levels. 


When deeply involved in activation an- 


alysis, shielding studies, flux patterns, iso- 
tope isolation or short half-life decay 
research, proceed with assurance. . .with 
a DZ46. 


While Sherm travails exceeding distance | 
to obtain spectrometry results, leading | 


universities, industrial labs and research 
establishments continue to count on our 
versatile instrument. 

Automatic single or repetitive scan, front 
panel selection of five scanning speeds 
and of scanning limits and automatic re- 
petitive charting with no mirror image 
are distinguishing DZ46 features. It will 
operate reliably down to 8 Kev. At a 20 


Kev window width, 1200 cpm may be at- | 


tained from a 0.01 ye Cs'%7 source in a 
Model DP4 well-type detector. A stand- 
ard 2 inch Nal (T) well crystal is used 
with background limited to approximately 
40 cpm. 


If you would like full information on | 


how to scan the energy band from top to 
bottom with the DZ46, write for technical 
bulletin 58-117. Long, but interesting. 


BJ ELECTRONICS 


BORG-WARNER CORPORATION 


Reliability you can count upon 


BORG- WARNER 


1679, SANTA ANA, CALIFORNIA 


EXPORT SALES: BORG-WARNER INTERNATIONAL CORP., CHICAGO, ILLINOIS 
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Atomic Industrial Forum, 3 E. 54th 
St., N. Y. 22, N. Y. 147, 149) 


* Ave., 
/ detec- 
ition fa- 


| Budd Co., 2450 Hunting 
| Philadelphia 32, Pa. Auxil) 
tion equipment, custom r 
cilities 
services. 


engineering 
(419, 421) 


and design and 


Crawford Fitting Co., 884 E. 140th 
St., Cleveland 10, Ohio. Tube fit- 


tings. (243, 245) 


Curtiss-Wright Corp., 631 Central 
Ave., Carlstadt, N. J. Reactors, ex- 
| truded tubing and controls. (139, 141) 


| Engelhard Industries Inc., 850 Pass- 
|aic Ave., East Newark, N. J. Gas 
purifying equipment, fuel.element com- 
| ponents. 213, 215) 
General Atomic Div., General Dy- 
namic Corp., P. O. Box 608, San 
Diego 12, Calif. Research reactor de- 
|signs and uranium-zirconium hydride 
fuel element developments. 
(340, 342, 439, 441) 





‘LETTERS 


|The West Is Still Golden 


| Daan Sir: 

I note on p. 22 of the Nov. ’57 issue 
| of NUCLEONICs under “Bad News” your 
| statement that “General Electric let 
| 100 of its Vallecitos Staff go late in the 

summer .. .” 

The Vallecitos Laboratory staff is 

still being built up, and there has been 
|no hitch in its planned expansion—at 
\least so far. We have increased our 
staff from approximately 50 of a year 
| ago to 170 to date and plan to continue 
‘to build it up slowly and carefully. 
Because of the glamour of atomic power 
and the attractiveness of living in Cali- 
fornia, we are finding that we can be 
very selective in our recruiting and feel 
that we have an experienced and ex- 
tremely capable staff ready to carry 
on not only our own research and 
development load, but to assist others 
who are trying to get into this business. 
—R. D. Bennett, Manager 
Vallecitos Atomic Laboratory 

Pleasanton, California 
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Fusion Advances—Pinch-Effect Devices (continued from p. 93) 


maximum yield observed for zero B, field 
was 3 10° neutrons. The dependence of 
the neutron yield on pressure and helium 
contamination showed (a) that the yield 
was proportional to the pressure increasing 
a facort of 2.3 between 70 and 200 microns 
and (b) the fraction f of the helium con- 
tamination lowered the yield according to 
the relation (1 —/f)*? (these results were 
obtained with a B, field of 200 gauss). An 
energy shift of ~0.17 Mev in 
the axial neutron-energy distribution (got- 
ten from nuclear plates situated behind the 
cathode and anode) corresponds to a 20-kev 
deuteron colliding with a deuteron at rest 
group of interacting deuterons 
traveling toward the cathode with a veloc- 
ity of 7 X 10°? em/sec. Plates were also 
exposed radially at three positions along the 
discharge—the results are compatible with 
a uniform neutron distribution from the 
cathode to within 5 cm of the anode beyond 
which the yieldis lower. All the plate ex- 
posures were made with a 200-gauss B, field 
and 50-kv bank voltage. 

The dependence of neutron yield on ap- 
plied magnetic field, helium contamination, 
gas pressure, and voltage, as well as the long 
neutron pulse duration suggests a neutron- 
mechanism different from the 
instability process. However, it is 
from the anisotropy in the neutron- 

spectrum at 200-gauss axial mag- 
field, that directed motion of the 
deuteron system exists. This 

is smaller than that reported 
previously (2, 8,) for instability neutrons 
without axial magnetic field even though 
the applied electric field in Columbus II is 
appre iably larger. 


Columbus S-4 (9) 

\ linear discharge device, Columbus 8-4 
constructed to test the effect of in- 
creased tube diameter and interelectrode 
spacing on the properties of a B,-stabilized 
pinched discharge. 

Description. The apparatus utilizes a 
75-ufd, 20-kv capacitor bank with external 
inductance of 0.075uh. The discharge tube 
i.d. porcelain (Mullite) cylinder 
with 24-in. spacing between electrodes. A 
close fitting cylindrical return conductor of 
4 ¢-in. stainless steel provides negligible de- 
lay in the 2-msec rise of the longitudinal 
(B,) field which is set up by an external 
solenoid and capacitor bank. Provision has 
been made for radial insertion of a magnetic 
probe halfway between the electrodes. 

Magnetic probe measurements of the Bg 
and B, fields were made at condenser volt- 
age of 1.5 X 104 volts; B, = 1750 gauss; 
deuterium pressure, 40 u Hg; imax, 2.5 X 105 
amp; time to first current peak, 6 usec and 
for times extending through three half 
cycles of the bank current. Although the 
shot-to-shot reproducibility of the probe 
traces became imperfect after 3 usec owing 
to an apparent small amplitude flutter of 
the plasma column, the spread in the trace 
amplitudes was still sufficiently small to 
allow the plotting of meaningful field dis- 
tributions and the calculation of approxi- 
mate plasma pressures. 

A pressure-balance calculation using the 
B, and Be amplitudes at 6 ywsec after the 
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observed 


or to a 


production 
usual 
clear 
energy 
neti 
reacting 


anisotropy 


was 


is a 5.0-in 


starting of current, i.e., at the current maxi- 
mum, showed the plasma pressure at the 
tube axis and at this time appears to be 
about 12 atm; if the plasma is assumed to be 
uncontaminated and pinched to the same 
radius as the longitudinal current, the tem- 
perature should be in excess of 3 X 10® K. 

Since a temperature this high, together 
with the assumed central density, should 
result in an easily detectable neutron yield, 
i.e., the order of 100/cm*/ysec, a series of 
counter experiments was performed. A 
plastic scintillation counter was found to 
give pulses centered at the current maxi- 
mum, and tests with paraffin interposed be- 
tween the counter and discharge tube estab- 
lished the radiation to be neutrons. The 
yield was found to be too small to activate 
a silver foil counter to significantly greater 
than a background count, and it was con- 
cluded from the known: counter calibration 
that the total yield was fewer than 10° per 
discharge. The of counts ob- 
served in the plastic scintillators made it 
apparent that some of the discharges yielded 
more than 10% neutrons. The number has 
not been accurately fixed at the present 
time. 

Runs were made to measure relative neu- 
tron yield as a function of bank voltage, B,, 
Dz pressure, and contaminant fraction in 
the gas. The yield over the half cycle was 
obtained by integrating the photomultiplier 
anode current for this time. Ten shots 
were taken at each condition of the system. 

Most of the data were taken at conditions 
more favorable for neutron production than 
those used for the magnetic field measure- 
ments. However, counts were observed in 
significant numbers at 15-kv bank voltage 
and 1,750 gauss B,; typically, one observed 
the order of 10 counts per discharge in a 
5- X 5-in. cylindrical plastic scintillator 
placed 8 in. from the center of the tube. 
At this condition, the neutrons are produced 
in a time interval 4 usec wide, centered near 
the current maximum. 

Although the pinch configuration for the 
case of the measured field distribution (15- 
kv bank voltage, 1750 gauss B,) is clearly 
stable against breakup by kinking and the 
16-kv 1500 gauss condition also appeared 
stable in this sense from initial probe sur- 
veys, it is not established that the runs 
which involve higher ratios of bank voitage 
to B, are stable. One must, therefore, allow 
the possibility that the neutron output in 
the lowest B, and highest bank voltage 
cases results from some acceleration mecha- 
nism associated with instability. Even in 
the configuration whose B¢ traces are shown, 
the fluttering of the fields near maximum 
current may strong local field 
inhomogeneities which could provide a par- 
ticle accelerating mechanism. It is clear, 
however, that the variations of yield with 
V and B, are consistent with a thermo- 
nuclear origin of the neutrons since the 
plasma compression and current density are 
sensitive to variation of these parameters. 

Work is progressing on the problem of 
determining pinch stability for the condi- 
tions where it is now uncertain. An effort 
will also be made to measure the degree of 
energy isotropy of the neutrons, since 
anisotropic energy distribution has in the 


numbers 


represent 


past identified the neutron yield from several 
devices as being nonthermonuclear. 


(10) 


Hydromagnetic calculations on idealized 
models of the pinch have indicated that 
stability might be attained by a combina- 
tion of a central axial magnetic field and 
conducting walls, provided that certain re- 
strictions on compression and 8rp/B* 
(p =the plasma pressure) are obeyed. 
The problem is actually more complicated 
than these simple models suggest, especially 
when the finite thickness of the boundary 
layer between external magnetic confining 
field Bg and internal magnetic stabilizing 
field B, is taken into account. 

Experiments at Los Alamos on straight 
tubes using magnetic probes have measured 
substantial plasma pressure confinement 
with appreciable stability by using axial 
magnetic fields. It proved unexpectedly 
difficult to do as well in toroidal geometry 
because of the technical difficulty of induc- 
ing high-voltage gradients and also because 
of the presence of unavoidable gradients in 
electric and magnetic fields across the dis- 
charge tube cross section. After a progres- 
sion of machines extending over several 
years, Perhapsatron 8-3 began to show 
(mid-1957), by magnetic probe measure- 
ments, more symmetrical detachment of the 
current channel from the walls. This appa- 
ratus is shown on p. 90. 

Magnetic probe measurement of plasma 
pressure, nkT, made in Perhapsatron S-3 at 
two stages in the current wave t = 4 ysec, 
2.0 X 105 amp and t = 6 ywsec, 2.3 XK 10° 
amp shows penetration of the Bg magnetic 
field toward the pinch axis with some in- 
creased confining current density along the 
axis and little current outside the pinch. 
The nkT is evaluated by substitution in the 
pressure balance equation, 


2\rs Tr? 
(er +2 = ode 


Sx ri 4g Jr 


Be? 2") 
— +—) d Cc 
( r bf R dni 


where B? = Bg’, r and R are the radius of 
curvature of Bg and B,, respectively, and C 
is a constant evaluated at some position at 
which nkT is known. The calculations of 
nkT are not precise since (1) the radii of 
curvature of the magnetic field lines are 
assumed from symmetry and (2) uncertain- 
ties of the position of the discharge axis 
seriously affect the integration in its vicinity. 
The pressures are consistent with appreci- 
able average temperatures, >1 X 10® K. 
Also the cooling effect of impurity influx 
from the walls is suggested by the lower 
pressures at 6 ywsec, compared with those 
indicated at 4 wsec. This is paralleled by 
the rise in impurity spectral line intensities 
emitted from the discharge, up to this time 
quite faint. It was also observed that the 
small magnetic probe, diameter 1.7 mm, 
when extended into the discharge caused 
the impurity lines to appear earlier. This 
suggests that the temperature would be 
higher and the current sheath thinner when 
the probe was absent. 

A large liquid scintillator (43 cm diame- 
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‘FUSION ADVANCES 


This article starts on page 90 


ter, 50 cm high) showed neutron emission 
(December 17, 1957) of 10‘ per discharge. 
Substitution of a quartz (Vycor) torus for 
the one of pyrex glass raised the average 
output to 2 X 10° neutrons per discharge. 
Addition of a laminated iron core improved 
the coupling in the early stages of the cur- 
rent cycle before it saturated and gave a 
further small increase. Neutron y ields up 
to 10° per discharge have been observed. 
Neutron intensity versus time as detected 
by a proton recoil scintillation counter 
shows a burst of duration of approximately 
2 wsec starting at approximately 3.0 usec, 
after gas breakdown with successive smaller 
bursts superimposed on a tail of duration 10 
to 15 psec It also seems definite that 
some neutron emission continues on through 
the discharge current zero and occasionally 
up to and beyond the second current maxi- 
mum (approximately 30 usec). <A pulse of 
neutrons is at times associated with the sec- 
ond current zero, approximately 60 usec. 
This may have interesting implications. 
Chere is a well-defined optimum B,, with 
no yield at zero B, field. The yield rises 
with diminishing deuterium pressure and 
the lower limit in this direction is deter- 
mined by failure to obtain gas breakdown, 
even with use of r-f preexcitation). The 
yield is sensitive to contaminants and to the 
quality of the base vacuum pressure. Five 
per cent nitrogen reduces the yield by a fac- 
tor of two. Yields are variable at fixed 
operating conditions by a factor of about 
three 

X rays appear in a sharp burst, duration 
of approximately 1 usec, approximately 0.9 
usec after gas breakdown which is before 
the time of neutron emission. Little or no 
x-ray yield is observed under the conditions 
of maximum neutron yield. The x-ray 
ntensity increases with deuterium pressure; 
whereas the neutron intensity increases with 
lecreasing pressure. At high pressures, 
100 uw, x-ray energies as high as 0.9 Mev have 
been measured with 12-kv primary voltage 
and 5000 gauss By,o. 

A spectrogram taken during three com- 
lete discharges at 11 A/mm dispersion over 
the range 3000 to 6600 A shows a strong 
continuum throughout, with a few lines 
greatly broadened approximately 30 A 
tentatively identified as Si II, Si III. 

Experimental limitations. One of the 
central features of the design of Perhapsa- 
tron 8-3 is the thinness (0.3 cm) of the glass 
walls of the torus and its close fit to the 

| metal primary, based on the unequivocal 
predictions by theory of the bad effect of B, 
external to the pinch on stability. This has 


|| made the glass torus very fragile and easily 


broken by strains transmitted to it from the 
heavy primary under electromagnetic forces. 
| The neutron yield rises between 14- and 
15-kv primary voltage with higher voltages 
limited by glass torus failure. A precision 
alumina porcelain torus when delivered is 
expected to reduce these difficulties with 


| | the possible added advantage that alumina 


is known from other experiments to be 
superior to quartz in the contaminants it 
| supplies to the discharge. 

Results. A temperature of 600 ev (com- 


| pression 9) would be consistent with the 


observed yield of neutrons, and the pressure 
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would 
robes indicate that the pinch 


quations support this. 
1 whole with an amplitude of 
rhe diminution in neutron 
the initial burst is a matter for 
| finds an explanation in terms 
the influx of impurities (ap- 
5.6 psec The observed sensi- 
purities is supporting evidence 
uclear reaction but has been 
the past, witness the great 
of instability neutrons t 
if 
safe to say, that at any rate the 
rmonuclear temperatures ap- 
500 ev is being approached. 
pal anxiety arises from the fact 
y at this point that condi- 
leal for simulation of a thermo- 
yn by a Fermi mechanism (17). 
leuterons from magnetic dis- 
veling at the Alvén speed, 
gives deuterons in the 12-kev 
ge after very few reflections, yet 
tion of the gas, 0.6 per cent with 
equals the thermonuclear yield 
Nor is it easy to dis- 
Refined 
ulsion techniques could do it but 
juire several thousand discharges 
ulate enough intensity at the pres- 
it level of Perhapsatron 8-3. Com- 
ields with DD and DT gas 
lso be used, but it requires more 


t 600 ey 


the two experimentally. 


ity than prevails at present. 


(12) 

vcated at the Atomic Energy 
Establishment, Harwell; a major 
e engineering design and construc- 
lone by the Metropolitan-Vickers 
Co. Ltd. Basically ZETA is a 
1 discharge tube of 1-in.-thick 
meter bore and 3 meters mean 

The contained gas, usually at a 
bout 10-4 mm of Hg is made 
mducting by a radio-frequency 
The toroidal-shaped ionized gas 

s the secondary of a large iron- 
transformer (see p. 91). By 
ondenser bank, storing up to 

f 5 & 105 joules, into the pri- 
transformer, a unidirectional 

up to a maximum of 200,000 

ed The current in the ion- 

s from 3 to 4 msec, and the pulse 

A steady axial 
field variable from 0 to 400 gauss 
by current-carrying coils wound 
rus Pinch-effect instabilities 

n suppressed in ZETA by the com- 
f this axial magnetic field parallel 


very 10 sec. 


w of the discharge current and by 
is produced by eddy current induced 
irrounding thick metal walls when 
t channel changes its position. 
rgy of the particles of an ionized 
nereased by adiabatic com- 
shock waves within which 
e heating takes place and by joule 
All these 
gas temperature in ZETA, but 
ting is the most important. 


processes contribute to 


Electrical characteristics. A _ typical 
ind voltage characteristic is shown 


Fig. 1 rhe top trace is the “‘ voltage per 
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For further technical information 
or engineering aid, write Tobe- 
Deutschmann Corporation, Nor- 
wood, Massachusetts. 
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turn’’ measured by a loop around the cen- 
limb of the The 
length of the discharge path is approxi- 


1000 cm so that the initial electric 


tral transformer core. 
mately 
field at the boundary of the ionized gas is 
1 volt /em. 
short circuited when the voltage per turn is 


about The primary winding is 
zero, thus preventing the charge on the con- 
The third 
shows the current flowing in the gas, which 


densers from reversing. trace 


persists for about 2 msec after the trans- 
former primary is short circuited. As the 
current decreases, the plasma expands until 
it reaches the walls; it is cooled and impuri- 
ties are thrown into the gas from the walls. 
The 


accompanies the cooling, causes an increas¢ 


sudden increase in resistance, which 
in dI/dt and the appearance of the severe 
voltage transient towards the end of the top 
trace in Fig. 1. Destructive voltage tran- 
sients of this type can be suppressed by the 
addition of 5% 


affecting the neutron yield. 


nitrogen or neon without 





NEUTRONS 
(BF) 


Owmae Y 
1°) 5 
MSEC 


7 © 


FIG. 1. Tracings from oscillograph record- 
ings of voltage per turn of transformer, 
primary current Ip, and secondary current 
Is. Lower trace shows pulses produced 
by individual neutron capture in BF 
counters 


Stability. Probe and 
streak photographs of the current channel 


taken through a slit in the vacuum vessel, 


measurements, 


show the current channel to be quasistable 
and clear of the walls for the greater part of 
the current pulse. The center of the cur- 
rent channel is displaced towards the outer 
wall because of the tendency of the ring cur- 
rent toexpand. This expansion is opposed 
by eddy currents in the metal walls of the 
forms. 

Measurements of the internal 
fields in the plasma are reproducible and 


magnetic 


show that the initial axial lines of force are 
trapped in the gas and drawn towards the 
axis as the plasma column contracts. In 
the 
force are helical and vary in pitch over the 


general, resultant lines of magnetic 


cross section of the plasma. The observed 


stability has not been explained satisfac- 


torily from theoretical consideration 
Neutrons Neutron emission arising from 


the D-D reaction is observed for gas cur- 
rents in deuterium in excess of 84 kiloamps. 
period of about 1 
the peak 


uniform, 


Emission occurs for a 


centered about current. 


Neutron 


msec, 


emission was within a 


factor at two, around the torus 





TABLE 1—Neutrons from ZETA* 


Current Total neutron 


(kuoam ps yield pe pulse 


s4 
117 
126 
135 
141 
150 
177 
178 


187 


‘onditions: gas De + 5 N 
10-* mm, B, 


; pressure 


160 gauss. 





Table l 
neutrons emitted per pulse as the peak cur- 
The 


the temperatures required to produce the 


shows the average number of 


rent is increased. third column gives 
observed neutron yields assuming a thermo- 


nuclear process. In calculating these fig- 


ures it has been assumed that the current 
channel is 20 cm in diameter, emits neutrons 
uniformly for a period of 1 msec, and all the 
is contained in 
the 


function of 


deuterium initially present 


the current channel Since reaction 


rate is an extremely sensitive 


temperature, variations in these parameters 
do not greatly affect the calculated tem- 
perature 7’. 

Within the 


(0.8-10 K 10 


pressure range investigated 


‘ mm), the neutron yield de- 
( reased with increasing pressure Neutrons 
were observed when 25% of the gas initially 
present was nitrogen, but the yield was 
much reduced 

the 
time of neutron emission and the voltage 


the 


No correlation is observed between 
pulse. 
the 
the 
the 


fluc tuations during current 
produced by 
the 


eliminated by 


However, neutrons ar 


large voltage transient at end of 
pulse, but these can be 
addition of nitrogen gas 

X-rays are observed towards the begin- 


ning of the current pulse. Their average 
energy is 20-30 kv and on the average some 
10° quanta/pulse are emitted by the whole 
tube. These X-rays are produced by elec- 
trons that have gained energy continuously 
by many revolutions around the torus. In 
no circumstances have] X-rays been ob- 
served which will penetrate 44 in. of lead. 
The number and energy of the X-ray quanta 
and current but in- 


are insensitive to gas 


crease in intensity as the axial magnetic 


field is increased. 


February, 1958 - NUCLEONICS 








PPrBPrPBrBPred edad ed edad ed edhe i ll il hl il il Ul ln la il il i Ml il i i a i i it 
a i i i i pam adnan id 





STANDARDIZED 
SHIELDING 


Prefabricated And Precast 
Concrete Shields 
For 
Caves And Small Reactors 


LEAKPROOF WAVE JOINTS 
Expandable And Portable 
Radiation Cells 
For 
Research And Industry 
ACCOMMODATES ALL EQUIPMENT 
Stock Units Tailored 
To Your Requirements 


Sollitt Standardized Shielding 
A PRODUCT OF 
SUMNER SOLLITT COMPANY 


307 N. Michigan Ave. 
Chicago 1, Illinois 





Display: 1612 S. Wabash Ave. 
Phone:  HArrison 7-6262 


Peed >>> >>> Ade edhe ll ill il A Uhl Al Ul il Ul ln sl ln i il tl li i i it it 
il i i i ie i i i i i i i aie i i 








New UNIVERSAL 
PHOTOMETER 


For Low Level Light Measurements 


PH 200 
% Luminous Sensitivity: > 70°!” Lumens 
% Amplifier Stability: Better than 0.1% Full Scale 


after warmup 
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of a spark-gap switch 


field 1,000 gauss was produced | 


Conclusions 
reported here demonstrate that it is possible 


ally complete ionization 
density lying between 
The mean energy of the ions and electrons 
in the plasma is certainly of the order of 
300 ev. 
high electrical conductivity are both ade- 
quate for the detailed study of magneto- 
hydrodynamical 


for the nuclear reactions. 
can be done by calculating the velocity dis- 
tribution 
from 


trons. 
ent is insufficient to attain the desired accu- | 


SCEPTRE—II 


The discharge tube of S( ‘EPTRE-III was 
an aluminum torus having an internal diam- 
eter of 30 cm and a mean torus diameter of | 


115 em. 


tance to a minimum. 
150 wf charged to voltages up to 30 kv was} 
discharged through the primary by means 


This article starts on page 90 


The preliminary results 


to maintain hydrogen gas in a state of virtu- 


with a particle 


10' and 10'4/em?. 


The time and the 


containment 


In order to 


processes. 


identify a thermonuclear process, it is neces- | 
sary to show that random collisions in the | 
gas between deuterium ions are responsible | 
In principle this | 


the reacting deuterium ions 
determination of both the 


of 


an exact 


energy and direction of emission of the neu- 


The neutron flux available at pres- 


racy of measurement. 


A 4-ton iron core linked the torus 


A condenser bank of 


A toroidal magnetic 


of up to 


within the torus 


Neutrons have 


been produced with this 


device and temperatures up to 3.8 XK 106°K 


indicated. 
insufficient 


is 


techniques 


However the neutron intensity 
to determine by plate 


whether or not they are 


thermonuclear. 
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United Shoe Unveils Component Test Facility 


Control-rod drive mechanisms, other reactor components 
and refueling system components for pressurized-water 
reactors are tested in special facility Autoclaves 
(smallest 1 gal, largest 100 gal) simulate conditions found 
(except for radiation) to test for 


above). 


in operating reactor 
erevice corrosion effects, wear, torque buildup, endurance 
and performance of such component parts as bearings, 
springs, pivot pins and lead screws “and nuts. Facility 


includes nine complete loops, three of which are capable 
Four 
and 600 psi. 


of providing environment of 600° F and 2,500 psi. 
others are for environments of up to 490° F 
Water-treatment 


system keeps conductivity no greater than 5 micrmhos, 


Flow rate in loops can be 0-30 gpm. 


salt content no greater than 1 ppm and oxygen content no 
greater than 0.4 ppm.—<Atomic Power Department, 
United Shoe Machinery Corp., Balch St., Beverly, Mass. 


© 





30-kv Supply 


Power supply (above) is a low-corona 
low-ripple unit featuring an oil-im- 
mersed high-voltage unit with selenium 
rectifiers and filter to give 0.001 % rip- 
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ple per ma. Output voltage is +0-30 
kv at 3 ma. 


danger when the power is turned on; 


An alarm circuit warns of 


when the power is off, an automatic 
high voltage switch discharges the 
energy stored in the capacitors.—Del 
Electronic Corp., 521 Homestead Ave., 
Mt. Vernon, N. Y. 


Differential Transformer 


Model 3050XS-AT, a type of linear 
variable differential transformer, is de- 
signed for sensing motion or position 
of a movable core along a transformer 
axis. Output voltage is a continuous 
linear function of core displacement 
over a linear range of more than +3.00 
in. At 3 in. displacement, the output 
for a nominal 26-v, 400-cps input into 
When the 
core is at null position, residual voltage 
is <0.5% of output at rated maximum 
It has a primary im- 


a 1¢-megohm load is 6v. 


displacement. 
pedance of 500 ohms at 400 eps, and 


differential secondary impedance of 145 
ohms at 400 eps.—Schaevitz Engineer- 
ing, P. O. Box 505, Camden 1, N. J. 


Source Calibrator 


Model SC-56 (above) is a source cali- 
brator for determinations of the activ- 
ity content of liquid or solid sources of 
radioactive isotopes. Activities rang- 
ing from 5 we to 500 me can be meas- 
ured. For use in the medical field, it 


makes calibration checks on sample 
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Now “On the line”... 


Fuel elements loaded in core of G-E's Vallecitos Boiling Water Reactor, which on 
October 24, 1957, started producing steam for the first all-privately-financed nuclear 
power. Plant was completed in a year and five months — believed to be a record for 


construction of a nuclear power plant. 


G-E’s Vallecitos Boiling Water Reactor 


jer houses General Electric's VBWR; building in 
s Pacific Gas & Electric Company's 5,000 kw 
generator facility. Control building is at left and tower 


ng condenser water is at right. 
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M &C Nuclear, Inc., is proud to have been associated with 
General Electric Company in advancing reactor technology by 
helping in the fabrication of plates for the first fuel load for 
this forward-looking private power plant. 


With the cooperation of General Electric, and the assistance of 
the Mallinckrodt Chemical Works, which supplied the enriched 


_ UO. powder on a licensed basis, the various administrative and 
technical problems were solved to produce the UO,-stainless steel 


plates that General Electric subsequently incorporated in the 
fuel elements. M & C mixed highly enriched UO, powder with 
stainless steel powder and rolled them between stainless steel 
sheets to make over 1,000 plates, 0.025 x 2.950 x 37 inches each, 
containing about 30 kg U**°. The UOz in the cores 

of the plates was varied from 20 to 30 w/o. 


M & NUCLEAR,INC. 


° 898 ATTLEBORO, MASSACHUSETTS 








RAWSON-LUSH 
Rotating Coil 
GAUSSMETER 


tc 


Tiny coil (approx. 3 mm diameter) rotates in 
the field to be measured. The voltage gen- 
erated is rectified in a synchronous rectifier 
and used to deflect a Rawson high sensitivity 
voltmeter with scale calibrated in kilogausses. 


Features 

(1) Simple operating principles, 
use and maintain. 

(2) Compact and portable, just one meter 
and the long probe unit 

(3) Ranges 0.4 — 1.2 — 4 — 12 — 40 — 
120 kilogausses, ali in one instrument 

(4) Practically point measurement of mag- 
netic field. 

(5) Can be inserted in any gap larger than 
3” and will reach center of 37” di- 
ameter gap. Coi! protected by station- 
ary outer tubing 

(6) Measures direction of field as well as 
intensity. 

(7) Guaranteed 
better. 

(8) Low Price $395.00 complete with meter 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 
114 Potter St. 


simple to 


eccuracy 1 per cent or 


Cambridge, Mass. 











NUCLEONICS 
BUYERS’ 
GUIDE 
REVISIONS 


1957-1958 Issue 


The additions listed below 
apply to the current issue of 
the GUIDE. 


Nuclear Engineering Co., Inc., 
2600 N. Main St. 
Walnut Creek, Calif. 


SERVICES 


Laundry Service for Contam- 
inated Clothing 
Radioactive Waste Disposal 


* * x 


The Martin Co. 
Nuclear Division 
Baltimore 3, Md. 


REACTORS—Nuclear 
3. Power 








PRODUCTS & MATERIALS 


Department starts on page 156 


vials of radiopharmaceuticals such as 
iodine-131, sodium-24, gold-198, iron- 
59 and cobalt-60, or radium needles or 
capsules.—Tracerlab, Inc., 1601 
Trapelo Rd., Waltham 54, Mass. 





Voltage and Current Calibrator 


Model 6020B (above) is a voltage and 
current calibrator 
measurement of pulse amplitudes. Al- 


designed for the 


though primarily for use in magnetic 
core testing and grading, the unit is 
also applicable to general pulse, d-c, 
and sine-wave measurement. Two 
variable calibrated reference voltages 
(0.001 % stability) and the signal to be 
measured are sampled and attached 
to an oscilloscope for a superimposed 
display. The two references can be 
set for tolerance checking or for 0.5% 
amplitude measurement by adjusting 
to the same level as the signal. Ten 
ranges cover 0—500v (100 mv full scale 
on lowest range) and 0-1000 ma. Ef- 
fective zero suppression is provided on 
the output to allow use of a high-gain 
oscilloscope for accurate comparison. 
Electro-Pulse, Inc., 11861 Teale St., 
Culver City, Calif. 


Proportional Counter 


Model PC-1A (above) is a proportional 
counting system for alphas in the pres- 
ence of betas, and the total of alpha 
and beta-gamma. The instrument fea- 
tures low power requirements, indus- 
trial type transistors and printed cir- 
cuitry, binary scaling unit, automatic 


gas purge system with variable purge 
time, preset timer and gas-flow propor- 
tional counting chamber.— Nuclear 
Measurements Corp., 2460 N. Arling- 
ton Ave., Indianapolis 18, Ind. 


Pitot Tube 


Model CMR-7362 is a pitot tube made 
of stainless steel, bronze, brass or monel. 
Differential pressure between upstream 
and downstream side of the tube is 
~25-50% greater than 
pitot tubes. A safety lock is provided 
so that the impact opening always 
faces upstream.—Harris D. McKinney, 
Inc., 12 South 12th St., Philadelphia 7, 
Pa. 


INDUSTRY NOTES 


Du Pont has entered into a joint devel- 
agreement with Thompson 
Products in a move to step up progress 
of high-purity niobium and _high- 
high-temperature niobium 


with other 


opment 


strength, 


alloys. 


Atomic Energy Waste Disposal Serv- 
ice, Oakland, Calif., has announced 
that, in addition to their nationwide 
radioactive waste collection and dis- 
posal service, they have added another: 
radioactive waste container rental 
service. 


Atomic Accessories Inc., Belrose, N. Y 
has been formed to distribute a com- 


”? 


plete line of accessories for laboratories 
engaged in work with radioisotopes. 


Baldwin-Lima-Hamilton has named 


William A. 
dent and general manager of Tracer- 


Kerr, formerly vice presi- 


lab’s nuclear divisions, as general sales 
manager of its Electronics & Instru- 
mentation Div. 

Mid-Century Instrument, New York, 
N. Y., has announced plans for the 
opening of a $250,000 Manhattan Com- 
puter Center in February, 1958. 





Correction. Item headed Canned- 


Motor Pump (NU, Nov. ’57, 202) gave 

Maywood, IIl., as 
Actually, 
supplies only the stator liner to certain 


Flexonies Corp., 
manufacturer. Flexonies 
canned-motor-pump manufacturers, 
These liners are fabricated from Inconel 
sheet formed and welded into long, 
thin-walled tubes that meet the most 
rigid requirements as to soundness, 
uniformity of cross section, 100% pene- 
tration of the continuous-seam weld 
and uniformity of finish. 
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NEWSMAKERS 





vice- 
president of Edison 
Co. in charge of the Dresden nuclear 
power station project, is moving to 
Sargent & Lundy, Chicago engineering 
irm, as consulting engineer concen- 
trating in atomic power. However he 
will continue to serve his former firm 
as senior consulting engineer. 


Raymond D. Maxson, senior 


Commonwealth 


Detroit Edison named the men who 
will head the operating teams of the 
Enrico Fermi fast 
breeder power plant 
at Lagoona Beach, 
Mich., near De- 
troit. Power Re- 
actor Development 
Co.’s. Frank W. 
Shutko, 44, will be 
superintendent of 
the reactor section 
of the plant. An 
electrical engineer and an ORSORT 
graduate, he joined the Fermi project 


in 1956 


Shutko 


and is 
in training at 
AEC’s Materials 
Testing Reactor in 
Idaho He will re- 
tur! 
to I 


now 


n midsummer 
Beach 
to assist in assembly 


agoona 


testing of the 
Fermi reactor com- 
nents Detrait 
Edison’s Clarence H. Clark, 50, super- 
intendent of the Marysville power 
plant, will be superintendent of the 
steam turbine-generator station, which 
will be owned by Edison and powered 
by steam the reactor, owned 
by PRDC, a 21-company syndicate. 
with Detroit Edison since 1930, 
be trained at AEC’s Pressurized 
Water Shippingport, Pa., or 
Reactor Experiment at 
‘alif., or both. Mean- 
while Atomic Power Development 
Associates, the research and design 
syndicate for the Fermi reactor, named 
Wayne H. Jens assistant technical 
director; he had been project engineer 
at Nuclear Development Corp. of 
America. 


and 


Clark 


from 
4 | irk, 


teactor, 
ts Sodium 
Santa Susana, ( 


Jerome Ottmar, heretofore general 
manager of the Nuclear Products divi- 
sion of Metals & Controls Corp., be- 
comes president of M&C Nuclear, Inc., 
the new wholly-owned subsidiary cor- 
poration set up Jan. 1 by Metals & 
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Controls. He heads an organization | 
that now employs 600. George L. 
Williams, treasurer of the parent firm, | 
will also be treasurer and clerk of the | 
new subsidiary. James J. Dutton, 
formerly with Bell has | 
joined M&C Nuclear. 


Nucleonics, 


Richard H. Graham, head of nuclear 
engineering and development at Lock- 
heed Missile Systems, has been ap- 
pointed secretary to the 
Advisory. Committee on Reactor Safe- 
guards by AEC. He had been chief | 
of reactor engineering in AEC’s Reactor 
Development division, 1954-1956. 


technical 


Karl M. Mayer has been named to the 
new position of director of economic 
research at Nuclear Products-Erco 
division of ACF Industries Inc. With 
AEC from 1948 to 1955, he was indus- 
trial economics consultant to Stanford | 
Research Institute from 1955 through 
1957, specializing in nuclear energy. 


Boris Lochak has been named chief 
engineer and elected a vice president of | 
Gibbs & Hill, Inc., consulting engineers. 
He will direct all design and construc- | 
tion engineering services in the power | 


field, among others. 


Westinghouse has rearranged its top 
executive management, with Mark W. 
Cresap, Jr., execu- 

tive vice president 

and a director, 

moving up to be- 

come president and 

chief administra- 

tive and operating 

officer. Gwilym A. 

Price, formerly 

chairman and pres- 

ident, becomes 
chairman of the 

head of a new triumvirate, a policy and | 
finance committee, 
composed of him- 
self, Cresap, and | 
E. V. Huggins, for- | 
merly vice presi- | 
dent-corporate af- | 
fairs and now| 
chairman of the ex- | 
ecutive committee. | 
The three-man 
committee will 





Cresap 


board. He is also| 


Price 
have primary responsibility for deter- 
mination of policies to be followed 
in planning and conducting company 
business. 


| 


| 
| 








LAMINATED 
PLASTIC 


RADIATION 
DANGER SIGNS 


* Full 7” x 10” in size! 
* Plastic—indestructible! 


* Each sign carries warning in 
English, German & Spanish! 


ONLY _ EACH 


QUANTITY DISCOUNTS AVAILABLE! 
ORDER DIRECT FROM— 


Health Physics 


Services 
1109-13 Low St. 
Baltimore 2, Md. 











GRIEVE-HENDRY 


PORTABLE ELECTRIC’ 
OVENS 


10 cu. ft. capacity—30” $1195° 


wide x 25” deep x 24” 
high. Removable shelves 
and drip pan 


Portable. Adjustable temperature 
control to 225°F. Fan driven forced 
air circulation. Uniform tempera- 
ture throughout. Plugs into any 
110V wall ovtlet—no special wir- 
ing required. 

Quick Quotations—Prompt Delivery 
—Reasonable Prices on Ovens 
made to your specifications. 

85 Standord models with tem- 
perature ranges to 1000°F. avail- 
able. Write for literature. 


f.o.b. 


GRIEVE-HENDRY CO., INC. 


1396 W. Carroll Ave., Chicago 7, Hil. 


Export Dept. 


10406 S. Western Ave., Chicago 43, I!linols 
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CAMBRIDGE INSTRUMENTS 
FOR MEASURING RADIOACTIVE EMISSIO 








GAMMA RAY POCKET DOSIMETER 


A personal protection instrument to measure cumulative ex- 
posure to x- or gamma rays. The cylindrical case contains 
an ionization chamber and a quartz fiber electrometer. 
Standard range 0-200 milliroentgens. Size 43” x }” dia. 


LINDEMANN-RYERSON ELECTROMETER 


An electrometer with high sensitivity and good stability. Does 
not require leveling. When reading, the upper end of the needle 
is observed on a scale illuminated through a window in bottom 
of case. Size 8.3 x 6.5 x 3.5 cm. Weight 0.17 kg. 


POWER RECTIFIER 


A.C. operated power unit to supply all voltages neces- 
sary for calibration and control of the Lindemann- 
Ryerson Electrometer. 


PORTABLE PROJECTION VIEWER 
The Cambridge Viewer, used in conjunction with the Lindemann 
. Ryerson Electrometer, facilitates observation of the deflection of the 
electrometer pointer. 
Send for Complete Information 


CAMBRIDGE INSTRUMENT COMPANY, INC. 
3555 Grand Central Terminal, N.Y. 17, N.Y. 
PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 





astra TO HELP YOU EXPLOIT THE NEW 
TREND IN ATOMIC ENERGY... 





ASTRA, Inc. 


ATOMIC ENERGY CONSULTANTS 


MILFORD, CONNECTICUT 
Cable: ASTRA 


BROCHURE ON REQUEST 











ACCURATE 


cor Film Badge Service ememen 


For BETA, GAMMA, X-RAYS; NEUTRONS (1 week) Clip-on, wrist 


or ring style 


48 DOMESTIC & WORLDWIDE 


We don't keep you waiting! You're entitled to—and you get—speedy ‘‘local’’ service no 
matter where you are located: U.S., North America, overseas. Just airmail your feather-weight 
exposed films to us. Accurate exposure reports are airmailed back within 48 hours after film 
is received. U.S. users who airmail film to us receive reports within 4 to 5 days; foreign 
clients, within 1 week. Ten-to-one, that's better service than you are now getting. 

In film badge service, reliability counts, too. Our 5-filter system assures highest accuracy 
over a wide range of energies and exposures. Records are permanent and legal. 

Ask for Bulletin 20. Let us quote on your partiviar needs. Our low prices will surprise you. 





ss. 
jucation, Industry, 
Prospecting. NGA) ile bie) ite Corp. of rVisl-lalae! 


Catalog on request 
196 Degraw St. Brooklyn 31 N.Y. 








Charles E. Oakes, president of Penn- 
sylvania Power & Light Co., has been 
elected board chairman, and Jack K. 
Busby, executive vice president of the 
firm, succeeds as president. Oakes 
continues as chief executive officer. 


J. W. McAfee, president of Union 
Electric Co. of St. Louis, was elected 
president of the Edison Electric Insti- 
tute, succeeding Donald S. Kennedy 
of Oklahoma Gas «& Ricctric. J. E. 
Corette, president of Montana Power 
Co. is the new EEI vice president. 


George Manov, technical assistant 
to Atomic Energy Commissioner Wil- 
lard F. Libby, is 
joining Tracerlab 
as technical direc- 
tor of its reactor 
monitoring center 
in Richmond, Calif. 
A pioneer in de- 
velopment of iso- 
tope applications, 
he spent 12 years 
working on radioactivity at the Na- 
tional Bureau of Standards before 
joining AEC at Oak Ridge in 1948 
He was in charge of the U. 8. exhibit 
swimming pool reactor at the Geneva 
Conference in 1955. 


Pierre Hazebroucq is the new com- 
mercial manager of the Compagnie 
d’Applications et de Recherches Atom- 
iques (CARA) in Paris, a nuclear prod- 
ucts firm set up by eight French manu- 
facturing firms (NU, Feb. ’57, R11). 


H. K. Ferguson Co., engineers and 
builders, has named Ralph W. Olm- 
stead executive vice-president; James 
R. Fraser vice-president, engineering; 
and William E. Hark vice-president, 
construction. 


James D. Moore, chief process engineer, 
has been promoted to production man- 
ager of Vitro Uranium Co., and will be 
responsible for all plant operation, 
engineering and maintenance, and proc- 
ess research and development. He 
joined Vitro in 1951. 


Nuclear physicist Samuel Penner has 
joined the betatron section of the 
atomic and radiation physics division 
at the National Bureau of Standards. 


Philip Thompson, business manager of 
Nuclear Metals, Inc., has been ap- 
pointed to the Massachusetts Com- 
mission on Atomic Energy by Governor 
Furcolo. 
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Gilbert Associates, Inc., has selected 
James R. Stoudt to be manager of its 
nuclear energy division at Reading, Pa. 
He had been in charge of engineering 
and economic studies in the nuclear 
power field made by Gilbert for both 
utility clients and AEC. 


Argonne National Laboratory has ap- 
pointed Walter S. Fagan a chemical 
engineer in the Reactor Engineering 
division; Paul E. Brown an associate 
engineer in the same division; and 





Ray O. Haroldsen an electrical engi- 
neer in the Idaho division at the Na-| 
tional Reactor Testing Station. 


Allis-Chalmers has chosen H. A. Bart- 
ling to be assistant to the general 
manager of its Nuclear Power division, 
and has assigned Donald J. Noian to 
the division. Bartling had handled 
special assignments for Allis-Chalmers 
in the Manhattan District project. 


John P. O'Meara was named labora- 
tory director of radiation physics for 
the Central Research and Engineering 
division of Continental Can Co., Chi- 
cago. One of his major responsibili- 
ties will be in the field of irradiated 
foods, which Continental Can will ex- 
plore at the Plainsboro, N. J., facilities 
of Industrial Reactor Laboratories. 


B. D. Thomas, director of Battelle 
Memorial Institute, has been named 
to the presidency 
of BMI, succeeding 
Clyde Williams, re- 
tiring. A physical 
chemist and miner- 
ologist, he joined 
Battelle as a re- 
search engineer in 
1934, became as- 
sistant director in 
1942, vice-president in 1955, and 
director a year ago. 





AEC has detailed John V. Vinciguerra, | 
assistant manager for administration | 
at Savannah River Operations Office, | 
to the Office of Special Projects in| 
Washington for six months: there he 
will serve as project manager for U. 8S. 
participation in the Fifth International | 
Electronic and Nuclear Exposition and | 
Congress in Rome. James J. Wise, 
director of the budget and finance 
division at SROO, will serve in Vinci- 
guerra’s place during his absence. 


George J. Rotariu, formerly director of 
nuclear engineering at Cook Electric 
Co., has joined Booz-Allen Applied 
Research, Inc., as director, nuclear 
technology. 
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careers in peaceful 
applications of atomic energy 


ENGINEERS- 
SENIOR POSITIONS 


Diversified work in overall reactor analysis 


SYSTEMS/CONTROL- ANALYSIS 


Qualifications: BS, MS, PhD in EE, Physics or Nuclear 
Engineering. 1-3 yrs? experience reactor or control systems 
evaluations, or related instrumentation. 

Duties: Direct and perform stability analysis. Develop 
power plant control systems. Prepare system specifications, 
and perform nuclear hazard evaluation of reactor systems. 


REACTOR ANALYSIS 


Qualifications: BS, MS in Engineering. Prefer minimum 
4 years’ experience in related field. 

Duties: Analyze, direct engineering efforts on advanced 

reactor plant design. Special emphasis on overall plant 

control, steam plant operation and economic analysis of 
integrated reactor steam plants. 


Write: Answer will be prompt, confidential. 


ATOMICS 
INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
Mr. G. W. Newton, Personnel Office, Dept. C-22 
21600 Vanowen Street, Canoga Park, California 
(in the Suburban San Fernando Valley, near Los Angeles) 





NEW ANTON PROCESSES AND 
TECHNIQUES IMPROVE NEUTRON DETECTOR 
RELIABILITY, RUGGEDNESS AND 
HIGH TEMPERATURE CHARACTERISTICS 


Basic development work for the military and AEC plus years of continuous pro- 
duction of BF, Proportional Counters and Compensated lonization Chambers 
result in the widest variety of commercially available detectors from Anton. 


Electrically Compensated 
lonization Chamber 
Anton Type 807 


¢ Rugged, unitized electrode structure enables 
the chamber to operate in any position, with- 
stand shock and vibration conditions present 
during propulsion reactor operation. 
All-ceramic insulation to permit high temper- 
ature operation impossible to achieve with 
conventional plastic insulators. 
Magnesium-Aluminum alloy electrodes con- 
tained in an all-welded aluminum envelope. 
Electrically compensated...guard ring design. 
Flake-proof B” coated electrodes. 
Longer life and greater electrical stability 
assured by advanced mechanical design that 
permits evacuation and processing at high 
temperatures. 


Operational Data 


1. Operating thermal neutron flux range: 
2.5 x 10° to 2.5 x 10" neutrons/cm?/sec. 


2. Thermal neutron sensitivity: 
4 x 10 amps/unit neutron fiux 


3. Gamma sensitivity: 
3 x 10-" amps/R/hour 


4. HN connectors in circular array for easy connec- 


tion to qeeemereety, svetebte HN ie cable 
fittings. Mate with phenol 82-38 (MIL-UG 59 
A/U or equal) 
5. Overall dimensions: 
3-1/8 + 1/16” dia. x 23-3/4 + 1/4” long 
6. Sensitive length: 
14-1/16” approximate 


Some Typical ANTON BF3 Detectors 


A wide e of improved neutron proportional 
counters is available with a variety of all-weided 
cathode materials (stainiess steel, aluminum). in 
addition to standard catalog items, sizes can be 
supplied ranging from 4%" dia. x 1” long to 2” dia. 
x 50” long. Minimum wall thickness for Al is 0.010”; 
stainless steel minimum is 0.002”, Connectors can 
be supplied per your specification. 

High re operation of Anton neutron detec- 
tors is made possible by the use of thermaily 
matched seal components . . . high temperature 
ceramic insulators . . . unique processing and sea- 
soning . . . restriction to high temperature organic 
moderators where needed. 


Multi-element, high sensitivity counters encased in 
super Dylan moderators can be supplied from produc- 
tion to provide thermal and intermediate neutron 
sensitivity up to 45 counts/neutron/cm’. 


Fills and pressures are available up to 2 atmos- 
pheres. A closely supervised gas purification system 
allows versatile application of spectroscopically pure 
normal (18% B*), depleted oo B*”’) or enriched 
(96% B*™) Boron trifluoride fills. Special zone tem- 
perature controlled muffle furnaces provide the most 
uniform method of Boron coating available to date. 


Uniform, stable characteristics are assured from 


tube to tube. High temperature, high vacuum outgas- 
sing techniques are used for all components. The 
metal to ceramic seals are permanently fused and 
the exhaust tip is concealed. All parts are processed 
by patented methods to make them extremely resis- 
tant to the corrosive effects of BFs. The insulators 
are precision molded, mechanically rugged and chem- 
ically inert. 
Ruggedness and non-microphonism are assured by 
the incorporation of an Anton developed ‘‘no-spring”’ 
anode suspension (Pat. Pend.). This maintains the 
wire taut even when the tube is subjected to the 
severe impact shock and vibration experienced by 
equipment used for propulsion reactor control and 
monitoring, geological survey, oil well logging and 
similar applications. 
Prompt delivery may be expected! Anton Laboratories 
maintains modern tube filling stations and a com- 
lete chemical laboratory for the production of neu- 
ron detectors and specialized fills. These plus An- 
ton’s machine shop and tube processing facilities 
assure early delivery of stock and special neutron 
detectors. 
Send for FREE DATA about compensated chambers 
as well as other neutron counting devices. Investi- 
gate Anton’s new, low-cost neutron counter price 
schedule. Write DEPT. NTN. 


ANTON ELECTRONIC LABORATORIES, INC 


A subsidiary of United States Hoffman Mochinery Corporation 
1226 FLUSHING AVE., BROOKLYN 37, N. Y. 


NUCLEAR CALENDAR 


March 3-6—American Society of Me- 
chanical Engineers’ gas turbine power 
division conference and exhibit, Wash- 
ington, D. C. (Shoreham). Contact 
L. 8. Dennegar, ASME, 29 West 39 St., 
New York 18. 


March 17-21—Nuclear Congress will 
include four events, at International 
Amphitheater, Chicago: A. Fourth 
Nuclear Engineering & Science Con- 
gress (EJC), running all five days. 
Contact congress manager, American 
Institute of Chemical Engineers, 25 
West 45 St., New York 18. 8B. Atomic 
Industrial Forum Atom Fair, all five 
days, contact J. V. Friel, 304 Archi- 
tects Bldg, Philadelphia 4. C. Sixth 
Hot Laboratories & Equipment Con- 
ference, 19-20th; contact Frank Ring, 
Jr., ORNL, Oak Ridge, Tenn. D. 
Sixth Atomic Energy in Industry 
Conference, National Industrial Con- 
ference Board, 17-19th; contact John 
J. McMahon, 460 Park Ave., NYC. 


March 24-27—National Convention 
IRE, New York (Waldorf, Coliseum). 
275 papers in 55 sessions. Contact 
E. K. Gannett, IRE, 1 E.79 St., N. Y. 


March 26-28—20th meeting, American 
Power Conference, Chicago (Sher- 
man). Contact R. A. Budenholzer, 
Illinois Institute of Technology, 3300 
Federal St., Chicago 16. 


March 27-29—American Physical So- 
ciety, Chicago (Univ. of Chicago Study 
of Metals Institute). Solid state and 
high-polymer physics programs. Con- 
tact K. K. Darrow, Columbia U., N. Y. 


March 31—April 2—Conference on uti- 
lization of atomic energy, Texas 
A. & M. College, College Station, Tex. 
Will cover reactors, isotopes, waste 
disposal, petroleum applications, edu- 
cation. Contact R. E. Wainerdi, 
Texas A. & M., College Station. 


April 8-10—Brooklyn Polytechnic Insti- 
tute international symposium on elec- 
tronic waveguides, New York (Engi- 
neering Societies Bldg., 338 W. 39 St.). 
Includes papers on microwave prop- 
erties of high- and low-density plasmas. 
Contact Jerome Fox, Brooklyn Poly- 
tech, Bklyn. 1, N. Y. 


April 20-23—-Canadian—U. 8. chemical 
engineering conference, American In- 
stitute of Chemical Engineers and 
Chemical Institute of Canada, Mon- 
treal. Contact H. R. L. Streight, 
DuPont Co. of Canada, PO Box 660, 
Montreal, Quebec, Canada. 


May 27-29—Third annual reactive 
metals conference, American Institute 
of Mining, Metallurgical and Petro- 
leum Engineers, Buffalo (Statler). 
Contact S. F. Urban, National Lead 
Co., Buffalo, N.Y. 

June 2-4—American Nuclear Society 
annual meeting, Los Angeles (Statler). 


Contact W. R. Hainsworth, Fluor 
Corp., Los Angeles. 
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NUCLEAR CAMPUS 





* The University of California’s first 
training reactor has gone into operation 
in Cory Hall on the Berkeley campus. 
Acquisition of the 0.1-watt AGN-201 
unit was made possible by a $142,000 
grant from AEC. In addition to its 
use for student instruction and demon- 
stration, the reactor will also be used 
at somewhat higher power for reactor 
materials studies. 


® Canadair Ltd. subsidiary of General 
Dynamics is building a $439,000 sub- 
critical reactor for the Univ. of To- 
ronto. It is Canada’s first subcritical 
reactor for education, and will be com- 
pleted this month. Eldorado Min- 
ing & Refining will lend the univer- 
three tons—$100,000 worth—of 


uranium. 


sity 


® A university nuclear training ‘ pack- 
age laboratory,”’ including not only a 
small subcritical reactor but also aid 
in getting AEC funds to pay for it, is 
being offered by Nuclear-Chicago Corp. 
The Model 9000 water-moderated, 
natural uranium subcritical reactor 
consists of a 6-ft high, 4-ft dia stainless 
steel tank containing 435 gal tap water 
and a lattice of 275 watertight alumi- 
num tubes containing 1” X 8” nat- 
ural-U slugs. A polonium or pluto- 
nium-beryllium neutron source can be 
the center. The 
assembly weighs 5 tons. 

Other components of the package 
lab are student radioactivity detection 


moved about in 


counting 
scintillation spectrometer assemblies; 
systems for measuring neutron flux in 
the subcritical reactor; an automatic 


and systems; gamma-ray 


strip foil analyzer for determining ex- 
ponential neutron flux throughout the 
reactor lattice; portable health moni- 
A manual describing 
more than 30 experiments in detail is 
supplied. The entire package—includ- 
ing the reactor but not fuel, which 
AEC lend to and 
leges without charge—is priced below 
$30,000. 


toring systems. 


will schools col- 


* Washington State College and the 
University of Virginia have been 
awarded $300,000 and $150,000 respec- 
tively by the National Science Founda- 
tion toward construction of their long- 
planned research reactors. Both are 
designing swimming pool reactors. 


® AEC has approved grants totalling 
$3,499,638 to 55 U. S. colleges and 
universities for expansion of nuclear 
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| 
| 
| 
training facilities. Third in a series 
of grants begun in September 1956 to 
increase the number of nuclear engi- | 
neers and scientists, the new awards | 
bring the total to $6,764,388 granted | 
to 68 institutions. More proposals for | 
aid are under study. The new grants 
cover purchase of seven training reac- 
tors, at Arizona, Delaware, Ohio State | 
and Wyoming Universities, UCLA, 
Univ. of Missouri School of Mines, and 
Oregon State College. 


®Harvard School of Public Health 
has received a ten-year, $500,000 grant 
from the Rockefeller Foundation to 
expand its research and teaching in the 
health hazards of nuclear radiation. 


®Yuba Consolidated Industries Inc. 
has allocated $4,500/yr for three years 
to Stanford University for a fellowship 
to study heat transfer in relation to 
power generation from nuclear fission. 





Courses 

Introduction to nuclear power plant | 
engineering and radiation chemistry | 
are being offered at Stevens Institute | 


of Technology, Hoboken, N. J., start- |- 


ing Feb. 12 and Feb. 10 respectively. 
Stevens is also offering a course in 
thermonucleonics, given by Winston 
H. Bostick, starting Feb. 11. Each 
class meets one evening a week. 

Lehigh Univ. is adding two courses in 
nuclear physics: atomic and nuclear 
physics, and nuclear reactor physics. 
Lehigh has also added a reactor engi- 
neering course to its curriculum. 

A two-week basic course in radio- 
logical health for engineers and scien- 
tists with responsibilities in the radio- 
logical health field will be offered April 
28—May 9 at the Taft Sanitary Engi- 
neering Center, Cincinnati. 

Oak Ridge Institute of Nuclear 
Studies is offering a two-week course in 
veterinary radiological health, start- 
ing March 10; a two-week course in 
industrial isotope radiography start- 
ing May 5; two summer institutes for 
secondary-school science teachers, one 
starting July 14 and lasting four weeks, 
one starting June 30 and running eight 
weeks. ORINS is also receiving ap- 
plications for AEC fellowships in 
industrial hygiene, providing one year 
of work leading to a master’s degree 
from Harvard or Pittsburgh Univ.; 
stipends are $2,500 for 10 months plus 


Gitoxigenin, 





tuition, fees, travel and allowances. 


A METER-TYPE VHS 


MICROAMPERE RELAY 


9 


@ 2800 ohms 

@ 0.5 second response 
(7 microamperes 
applied) 

@ Operates: - 40° to : 
+150°F., @ Hermetic seal 
5-55 cycles, 10G'sup el” x1%"x 2%" 


This model 126 is smaller than previous 
models. Its moving coil rotates in the 
flux gap of an Alnico magnet. A locking 
coil develops torque for positive contact. 

Case is solder-sealed and may be plug- 
in or use solder connections with hold- 
down screws. 

Sensitivities are 0.2 microampere to 
10 amperes or 0.1 millivolt to 500 volts. 
AC relays are rectifier type. Contact ar- 
rangements are: high, low, or double 
(high and low). 


SAN GORCINTO ow. . assemscy propucts, me. 


P. O. Box XX, Palm Springs 28, California 
Telephone: Palm Springs, FAirview 9-255! 
los Angeles: EDgewood 99-2670 
See us at the Atom Fair, International Amohithectre, 
Chicago, March 17-21 


@ Survives: —65° to 
+175° F., 
5 to 2000 cycles, 
10 G's up 
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DELTA CHEMICAL WORKS, Inc. 








ELECTRICAL, 
ELECTRONIC, 
NUCLEONIC 


Physicist or engineer with background in 
X-ray or gamma-ray measurements for po- 
sition as radiation physicist and project 
engineer. Position entails supervision of de- 
sign, purchase, installation and operation of 
an expanded X-ray and gamma-ray calibra- 
tion facility; design and development of new 
radiation measuring instruments, primarily 
non-electronic in nature. 

Electronic engineers at project, senior and 
junior engineer levels for positions in de 
velopment engineering department. Chal 
lenging development projects in radiation 
monitoring systems and electronic instrumen- 
tation for nuclear radiation measuring 
Background in nuclear instrumentation de- 
sirable. 

Vacuum tube engineers at project, senior 
and junior engineer levels for positions in 
development engineering department. En- 
gineers with a background or interest in 
electronic component development needed 
to engage in development of special purpose 
components such as corona regulator tubes 
electrometer tubes, ceramic to metal seals 
deposited carbon and metal film resistors 
Excellent starting salaries, depending on 
experience. Liberal employee benefits. All 
inquiries treated in strictest confidence. Ad- 
dress to: Personal Attention, D. M. May- 
hew, Vice President. 


The Victoreen Instrument Company 


5806 Hough Avenue, Cleveland 3, Ohio 


SEARCHLIGHT SECTION 


Classified Advertising 


EMPLOYMENT OPPORTUNITIES’ ange 


BUSINESS: 





ENGINEERS and PHYSICISTS 


Nuclear Design and Project Experience required. For Reactor 

Design, Reactor Construction and Analytical Consulting assign- 

ments in the field of Power, Test, 

Reactors. All grades open—Junior through Supervisory. 
For further information, send resume to: 


AMERICAN-STANDARD 


Atomic Energy Division 
369 Whisman Road 
Mountain View, California 


Training and Marine Propulsion 

















PHYSICIST 
SENIOR STAFF POSITION 


Primary responsibility to supervise 
routine isotope laboratory and some 
resident training. Research is encour- 
aged and supported. Desire experience 
in clinical uses of radioisotopes. Ph.D. 
preferred, not essential. Salary de- 
pendent upon qualifications, For ap- 
plication or further information, please 
write: Dr. J. S. Laughlin, Department 
of Physics, Memorial Center for Can- 
cer and Allied Diseases, 444 East 68th 
Street, New York 21, New York. 


a TERRIFIC BARGAIN in a 


SOLA CONSTANT-VOLTAGE 
TRANSFORMER 


Ends fluctuating line 
voltage! 


BIG DISCOUNT OFF... 


the factory price at a l-input 2,000 VA 
unit! And here's another bonus! This ss 
Air Forces 2,000 VA overstock, Sola Cat. No. 30768, has 
4 inputs! 90-125 V,, 190-250 V., 60 cy. or 50 cy. Isolated 
secondary is constant 115.0 V. + 1 % from no load to full- 
load of 17.4 amp. So, if you choose, use it as a 220-115 V. 
step-down. And slash $97.50 off the factory 1-input price! 
Brand new in original wood box. 4 
cu. ft. Ship, wt. 254 lbs. F.O.B. $147 50 
Pasco, Wash. Only ® 

(EXPORTERS: Note choice of 50 cycles.) 

THE M. R. COMPANY 

P. ©. Box 1220-D Beverly Hills, Calif. 




















WHERE TO BUY 


Featuring additional products, | 
ties and services for Atomic Power, 
Nuclear Engineering & Applied Radia- 
tion. 














MANUFACTURER’S 
REPRESENTATIVE 


for New York — New Jersey 


To sell complete line of nuclear 
monitoring, measuring, and re- 
actor control instruments to latest 
designs. A real “growth” oppor- 
tunity with excellent immediate 
returns. Nuclear or _ nuclear- 


electronic background desirable. 


The Victoreen 
Instrument Company 


5806 Hough Avenue, Cleveland 3, Ohio 


URINALYSIS SERVICE 


NSEC laboratories are staffed and equipped to 
perform routine and emergency urinalysis for: 


* Total uranium * Polonium 

* Enriched uranium *° Fission products 

* Plutonium * Gross activities 
* Other radioactive isotopes 


Nuclear Seience and Engineering Comp. 


P.O. Box 10901, Pittsburgh 36, Penna. 











Larger Sizes Now Available 
Hi-D® LEAD GLASS WINDOWS 
For use in steel, lead, and concrete walls. 

Send for Circular GS-4 


PENBERTHY INSTRUMENT CO. 
4301 6th AVE. SOUTH * SEATTLE 8, WASH. 

















THE MOST EXPERIENCED 


FILM BADGE SERVICE 
ST. JOHN X-RAY LABORATORY 
CALIFON, NEW JERSEY 
Established 1925 





ENGINEERS 
If you have been looking for an Employment 
Agency that is skilled in the STATE OF THE 
ART of Technical Recruitment and RELIA- 
BILITY OF INFORMATION concerning posi- 
tions, why not communicate with us at once! 
ALL POSITIONS FEE PAID. 

FIDELITY PERSONNEL SERVICE 

1218 Chestnut St. Philo. 7, Pa. 
Specialists in Aviation, Electronics and Nucleonics 











Position Wanted 


Several Hanford trained Radiation Monitors are in- 
terested in positions in Radiation and Contamination 
Control or related fields. Resume of experience an 
recommendations can be furnished. Write P.O. Box 
702, Richland, Washington 


Selling Opportunity Wanted 


Top Notch Eastern Representation Available—One 
of the most competent and effective eastern nuclear 
sales engineering organizations offers intensive cover- 
age, from New England to Virginia, to additional 
manufacturer of nuclear instrumentation, or acces- 
sories. Staff of nuclear specialists (grad. EE’s and 
physicists) plus complete facilities for sales, service 
and demonstrations with Met. New York headquar- 
ters. Please write to RA-7012, Nucleonics, Class. 
Adv. Div., P.O. Box 12, N.Y. 36, N.Y 


Special Service 


Industrial and Medical Laboratory Radiation In- 
struments Repaired. Electronic Aides, 5 W. Hub- 
bard, Chicago 10, Ill. MI 2-2134. 


Books and Periodicals 


12-20% Discount on Technical Books Plus Liberal 
Yearly Dividend, Pic-a-Book, Box 4561, Washing- 
ton 17, D.C, 


For Saie 


Seeking Factory Space? Small Nebraska town has 
available two buildings total 45,000 square feet, 
mostly on one floor with trackage on C.B.&Q. Let 
us tell you about ideal labor conditions and_utilities 
set-up. Replies in complete confidence. FS-6973, 
Nucleonics, Class. Adv. Div., P.O. Box 12, N.Y. 
36, N.Y 








PROFESSIONAL SERVICES 

















John MacPhee 
Nuclear Engineer 


ORSORT Graduate P. O. Box 80 
Licensed PE Rowayton, Conn. 
VOlunteer 6-2139 
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EMPLOYMENT OPPORTUNITIES 


METALLURGISTS * PHYSICAL CHEMISTS * CERAMISTS * SOLID STATE PHYSICISTS 


-or Development of Materials 
to Withstand Radiation Effects and 
Thermal Stresses 


A: the Aircraft Nuclear Pro- 
pulsion Department of General 
Electric, development of the 
direct cycle nuclear propulsion 
system for aircraft has created 
problems of a type never faced 
before: metallurgists and cera- 
mists at ANP must develop struc- 
tures and components to resist 
attrition due to radiative and in- 
tense thermal conditions. 


Engineers and specialists : B.S., 
M.S., Ph.D. — with 5-10 years’ 
experience in metallurgy or cer- 
amics can put their talents to 
immediate use at ANP, striking 
out along new approaches in: 


Metal Processing: 
casting, rolling, forging, 
extruding, swaging, plating, 
metallizing, brazing 
Vacuum Metallurgy: 
arc & induction melting, zone 
refining, brazing, sintering 
Welding Refractory Metals 
Fabricating Precision Ceramic Parts 
Cladding & Bonding Special Metals 
High Temperature Diffusion Studies 
Materials Investigations & Analyses 
Powder Metallurgy 
High Temperature Reactor Components 

Shielding 


SPHSSCC EEE HEHEHE EEE ER EEEEE 


COCO OR eee eee eee eens eeeervrrere 








PROBLEM ON HIGH TEMPERATURE, NON-POISONING 
BRAZING RECENTLY SOLVED BY ANP MEN: 


Engineers and specialists at ANP—constantly faced with devel- 
oping new principles and techniques in orthodox disciplines — 
recently had to create a boron-free brazing alloy for use in reactor 
core components. Their solution: 


DEVELOPMENT OF A NEW BRAZE ALLOY 


at 2033°F. 


2100-2150° 


(at 1200° ) 60,000 psi 





OPENINGS 
AT ALL LEVELS 


Opportunities are available for 
those who prefer either analytical 
operations or direct experimen- 
tal investigations. 

NUCLEAR EXPERIENCE 
NOT ESSENTIAL 
Graduate study, seminars and 
contact with expert associates 
help you to develop nuclear com- 
petence in your specialty. (A few 
positions in Components In-Pile 
Test Scheduling do require men 

with nuclear experience.) 
Publication of technical papers 
is encouraged. 


LOCATION 
Near attractive suburban com- 
munities only minutes away from 
Cincinnati, Ohio. A progressive 
city with many cultural facilities, 
Cincinnati is known as both an 
engineering center and a fine 
place to live. (A few positions are 
open in Idaho Falls, Idaho.) 


Please address your resume in 
full confidence to: 

Mr. J. R. Rosselot, Dept. 44-MN 

AIRCRAFT NUCLEAR PROPULSION DEPT. 


General Electric Company 
P.O. Box 132, Cincinnati 15, Ohio 


GENERAL @@ ELECTRIC 
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NUCOR sex 


HIGH-GAMMA 
IRRADIATOR 


It’s the 


© SAFE 

© SIMPLE 

© FOOLPROOF 
© ECONOMICAL 


WRITE TODAY FOR TECHNICAL DATA 
SPECIFICATIONS AND PRICES 





MODEL CAVITY FLUX 





HERO JR. 6” x 6” 600 R/hr 


HERO 105 , 106 
3 x 10° 


HERO 106 ‘ 10° 
3x 16 


HERO 107 3 x 10° 











Write office nearest you for detailed information 
regarding tracers and/or counting equipment 


manufactured by 


“mm” ISOTOPES “tour INC. 
a subsidiary of nuctear corporation of america 


SALES OFFICES 

Nuclear Consultants, Inc. 
400 Park Avenue 

New York 17, New York 





688 Nuclear Corp. of America Mid-America Sales Division 


Isotopes say Co., Inc. 
x rf 
Burbank, California 9842 Manchester Road, St. Louis 19, Missouri 











The Reactor Moderator of Tomorrow 





BERYLLIUOM OXIDE 
CERAMICS 








Thermal Refractories makes available 
the products of 
National Beryllia Corp. 
producers and fabricators of 
beryllium oxide ceramics 
for the atomic energy field 


PHYSICAL CHARACTERISTICS OF BeO: 


© Melting point above 4,600°F ® Excellent electrical insulator 


@ High thermal conductivity ® Low thermal expansion 


® Extreme hardness 


TECHNICAL AND PRECISION CERAMICS ALSO OFFERED IN THE FOLLOWING BODIES: 


MAGNESIUM 
OXIDE 


SINTERED 
ALUMINUM OXIDE 


THORIA 


SINTERED 
ZIRCONIA 


SPINEL 


VISIT US AT BOOTH #318 -'58 ATOMFAIR 
THERMAL REFRACTORIES CORP. 


4501 DELL AVENUE @ NORTH BERGEN,N. J 
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Nerds Uteussuten Sep Crossroads Marine Disposal Corporation, serving industry since 
National Carbon Company, 


Stdiden.-at- Mele, ein 1946, is fully equipped to handle your waste disposal problems. 
Corporation Crossroads’ services cover all details of handling and shipping radio- 
Neutronics Laboratory active wastes and dangerous materials including final safe disposal 
Nuclear-Chicago Corporation. 56 in designated ocean areas. Complete data on maximum activity 
Nuclear Development Corpora- levels, transporting and marking in conformity with I.C.C. regula- 
tion of America tions is supplied. Crossroads’ pick-up service is available in New 
Nuclear Enterprises, Ltd England, New York, New Jersey, Ohio, Pennsylvania and othe 
Nuclear Measurement Corp.. . 
Nuclear Products—Erco Division 
of ACF Industries, Incor- 


porated . 
todear’ Sinise: Gubacaes SEA DISPOSAL OF THE FOLLOWING: 


ws Pp... * Radioactive Wastes * Explosives 
Nucleonic Corp. of America. . . . . ‘ 
eek ee ol 32, 33 ¢ Pyrophoric Materials * Contaminated Equipment 


Pacific Coast Engineering Com- * Poisonous Gases * Toxic Materials 
pany ... * Fiammable Materials * Acids and Caustics 
Penberthy Instrument Co..136, 164 
Picker X-Ray Corporation.... 37 
Pi Service & Engi i 
"We. hea Eee Se eee SEE US AT THE ATOMFAIR IN CHICAGO—BOOTH +424 
Pratt C , Hen : : ; : 
Aer doy ot oce we dhe srheng For further information phone or write: 
Inc. 
Radiation Instrument Develop- a 
ment Laboratory, Inc 
Radiochemical Centre, The. ..138 
Radio Corporation of America, 0) 
Broadcast & Television Equip- ? 0 JS / 
ment 


Radio Corporation of America, J MARINE DISPOSAL CORPORATION 





areas on request, 




















Electron Tube Division... .110 26 T WHARF, BOSTON MASS 
LAfayette 3-4908 











Vol. 16, No. 2 - February, 1958 








tee ae ee oe 
th e A n al yZ er Rocketdyne, A Division of North 
YOU WANT... |. 


America Aviation, Inc. 104 
Ross Heat Exchanger Division 

American Standard. .......103 

St. John X-Ray Laboratory. ..164 
St. Petersburg Chamber of Com- 

merce .. haves.) Se 
San Gorcinto Div. Assembly 

Products, Inc. ; : ..163 

; Searchlight Section.....164, 165 

-— Solar Aircraft Company...... 11 

100 channels : Sumner Sollitt Company... ..155 
a ; Superior Steel Division of 

: Copperweld Steel Company. 41 


Magnetic core memory ; | Sylvania-Corning Nuclear Corp. 40 


TRIL 


ESET THER eee we 


) 


-} 


. . . ‘ : Technical Associates 
Easily maintained i om Thermal American Fused Quartz 
P , os Co., Inc 
. * gage PS Thermal Refractories Corp... . 166 
High reliability —_———_— Thompson Products 


1 eae Oa Tobe Deutschmann Corp 
5% linearity 4 aheat bora oor <i 
rae ia Twentieth Certury Electronics, 
Freedom from channel Lid. 
width drift 


U. S. Industrial Chemicals Co., 
Division of National Distillers 
& Chemical Corporation... .111 
United States Pipe & Foundry 
Co. Steel & Tubes Division 30, 31 
United States Steel Corpora- 
i 7ictiv 2 ee 06C 
Universal Atomics, A Division of 
Universal Transistor Products 
EES ry 
Victoreen Instrument Company, 
The 


\" 


\\\\\ 


ANY 





\\ 





7 ‘ — “s 
= Vitro Corporation of America. .145 
ee at | Price Wah Chang Corporation..... 51 
Westinghouse Electric Corp. 
| Atomic Power Department. . 140 
OU can qd or on Bettis Atomic Power Division. . 152 
00 Westinghouse Electric Corp., 
Electronic Tube Div 


Wheeler Mfg. Co., C. H 
Where To Buy. 


PROFESSIONAL SERVICES. . 164 

CLASSIFIED ADVERTISING 
The new RIDL Model 3303 Radiation Analyzer has been espe- F. J. Eberle, Business Mgr. 
cially designed to meet the need for reliable radiation analysis UE AL oan oscsawdbe 164 
in medical and industrial laboratories. Simplified circuitry and EMPLOYMENT 
ease of operation make it a really practical tool for routine lab OPPORTUNITIES ... . 164, 
work. Yet it offers almost all of the features of costly high speed EQUIPMENT 

Used or Surplus New 
SPECIAL SERVICES 
American Standard 

Atomic Energy Dis 


165 


analyzers. You'll want all of the details, including information 
about RIDL’s special factory maintenance service. Write for 
the new Model 3303 Bulletin today. 

Fidelity Personnel Service 
OPTIONAL FEATURES General Electric 


See this and other RIDL ® Automatic “dead-time” correction 


equipment at the Atomfair 


® Automatic precision pen recording Memorial Center for Cancer 
Booth 445. p p & : ; 


© Automatic decimal printed output & Allied Diseases 
Victoreen Instrument Co....... 


Radiation Satlimnent Development Laboratory, Bie. This index is published as a service. 


Every care is taken to make it accurate, 

5737 South Halsted Street . Chicago 21, Illinois but NUCLEONICS assumes no responsi- 
Telephone: WEntworth 6-2345 bility for errors or omissions. 
Representatives in major cities 
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A COMPLETE RADIOACTIVITY ANALYSIS LABORATORY 


THE NEW BAIRD-ATOMIC BASIC RESEARCH LABORATORY 
for SCINTILLATION, PROPORTIONAL, and GEIGER counting 


A new, highly reliable analytical laboratory which offers complete counting facili- 
ties for most research and industrial radioisotope analyses. 


VERSATILE = Performs all types of gas and scintillation counting of alpha, 
beta, gamma, and x-rays with ease and precision. 


COMPLETE = Scaler, amplifier, timer, power supply, and detectors included. 
All component instruments are selected for complete compati- 
bility to deliver maximum performance. 


EXCELLENT REPRODUCIBILITY = [n alii three counting methods — pro- 
vides integral spectra with both proportional and scintillation 
counting. 


MODERN DESIGN = The famous B-A “chimney” construction — All re- 
ceptacles located on rear of instrument assembly — Instruments 
removable from front of cabinet. 


SEPARATE SYSTEMS = The B-A Basic Research Laboratory is available 
in individual counting systems when all types of counting sys- 
tems are not required. 

Scintillation Counting 
Proportional Counting 
Geiger Counting 


Complete facilities for all researchers is provided by adding the following acces- 
sories: B-A Count Rate Meter and geiger tube, Beta Sources, Gamma Sources, 
Carrying Case, and the Single Scale Logarithmic Gun type survey meter. 

For complete specifications on the Basic Research Laboratory and other Baird- 
Atomic systems, please request on your Company letterhead our new Atomic 
Systems Catalog A-2. 


See our Atomic Instruments at the Atomic Exposition & 
Nuclear Congress— March 17-21, Chicago, Illinois 
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TRaJaTIONAL NUCLEAR GRAPHITE 


Nuclear scientists used “National” Nuclear Graph- 
ite in the first reactors because of its excellent 
moderating properties and low neutron cross- 
section. Scientific data, collected since the initial 
installation, have demonstrated that the over-all 
properties of “National” Nuclear Graphite make 
it still the best moderating material today. 

Its low cost, safety, easy machinability and 


The terms “National” and “Union Carbide” are registered trade-marks of Union Carbide Corporation 


high refractory qualities make “National” Nuclear 
Graphite an indispensable structural material. 
By adding boron in small percentages, graphite 
becomes ideal thermal neutron shielding material. 
Whatever your needs... extreme purity, unique 
shapes or sizes, high or low density, large quanti- 
ties, ready availability ...see National Carbon, the 
nation’s most experienced graphite producer. 
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NATIONAL CARBON COMPANY ~« Division of Union Carbide Corporation « 30 East 42nd Street, New York 17, N. Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. 1m Canada: Union Carbide Canada Limited, Toronto, 





